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(54) COMMUNICATION SYSTEM AND BASE STATION

(57) In order to improve communication quality in a
communication system using terminal-to-terminal com-
munication, the communication system includes: a first
base station (S-gNB) to which a first communication ter-
minal (remote UE) is connected, the first communication
terminal supporting terminal-to-terminal communication
in which communication terminals directly communicate
with each other; and a second base station (T-gNB) to
which a second communication terminal (relay UE) is
connected, the second communication terminal support-
ing the terminal-to-terminal communication, and in a case
where the second base station receives a handover re-
quest for the first communication terminal to connect to
the second base station via the second communication
terminal, the second base station transmits, to the first
communication terminal and the second communication
terminal, communication configuration information indi-
cating the content of a configuration for the first commu-
nication terminal and the second communication terminal
to perform terminal-to-terminal communication therebe-
tween.
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Description

Field

[0001] The present disclosure relates to a radio com-
munication technology.

Background

[0002] The 3rd Generation Partnership Project
(3GPP), which is a standard organization of mobile com-
munication systems, has been studying a communica-
tion system called long term evolution (LTE) for radio
sections and called system architecture evolution (SAE)
for an entire system configuration including a core net-
work and a radio access network (hereinafter, also col-
lectively referred to as a network) (for example, Non Pat-
ent Literatures 1 to 5). The communication system is also
referred to as a 3.9 generation (3.9 G) system.
[0003] As an access scheme of LTE, orthogonal fre-
quency division multiplexing (OFDM) is used in a down-
link direction, and single carrier frequency division mul-
tiple access (SC-FDMA) is used in an uplink direction. In
addition, unlike wideband code division multiple access
(W-CDMA), LTE does not provide circuit switching and
provides only a packet communication system.
[0004] Decisions by 3GPP regarding a frame configu-
ration in an LTE system described in Non Patent Litera-
ture 1 (Chapter 5) will be described with reference to FIG.
1. FIG. 1 is an explanatory diagram illustrating a config-
uration of a radio frame used in an LTE communication
system. In FIG. 1, one radio frame is 10 ms. The radio
frame is divided into 10 equally sized subframes. The
subframe is divided into two equally sized slots. Downlink
synchronization signals are included in first and sixth sub-
frames in each radio frame. The synchronization signals
are classified into a primary synchronization signal (P-
SS) and a secondary synchronization signal (S-SS).
[0005] Decisions by 3GPP regarding a channel con-
figuration in the LTE system are described in Non Patent
Literature 1 (Chapter 5). It is assumed that also in a closed
subscriber group (CSG) cell, the same channel configu-
ration as that of a non-CSG cell is used.
[0006] A physical broadcast channel (PBCH) is a chan-
nel for downlink transmission from a base station device
(hereinafter, sometimes simply referred to as a "base
station") to a communication terminal device (hereinafter,
sometimes simply referred to as a "communication ter-
minal") such as a user equipment device (hereinafter,
sometimes simply referred to as "user equipment"). A
BCH transport block is mapped to four subframes in a
40-ms interval. There is no explicit signaling of 40-ms
timing.
[0007] A physical control format indicator channel (PC-
FICH) is a channel for downlink transmission from a base
station to a communication terminal. The PCFICH noti-
fies the number of orthogonal frequency division multi-
plexing (OFDM) symbols used for PDCCHs from the

base station to the communication terminal. The PCFICH
is transmitted on a per subframe basis.
[0008] A physical downlink control channel (PDCCH)
is a channel for downlink transmission from a base station
to a communication terminal. The PDCCH provides re-
source allocation information of a downlink shared chan-
nel (DL-SCH) which is one of transport channels to be
described later, resource allocation information of a pag-
ing channel (PCH) which is one of the transport channels
to be described later, and hybrid automatic repeat re-
quest (HARQ) information about the DL-SCH. The PD-
CCH carries an uplink scheduling grant. The PDCCH car-
ries acknowledgement (Ack)/negative acknowledge-
ment (Nack) which is a response signal to uplink trans-
mission. The PDCCH is also referred to as an L1/L2 con-
trol signal.
[0009] A physical downlink shared channel (PDSCH)
is a channel for downlink transmission from a base station
to a communication terminal. The downlink shared chan-
nel (DL-SCH) which is a transport channel and the PCH
which is a transport channel are mapped to the PDSCH.
[0010] A physical multicast channel (PMCH) is a chan-
nel for downlink transmission from a base station to a
communication terminal. A multicast channel (MCH)
which is a transport channel is mapped to the PMCH.
[0011] A physical uplink control channel (PUCCH) is a
channel for uplink transmission from a communication
terminal to a base station. The PUCCH carries Ack/Nack
which is a response signal to downlink transmission. The
PUCCH carries channel state information (CSI). The CSI
includes a rank indicator (RI), a precoding matrix indica-
tor (PMI), and a channel quality indicator (CQI) report.
The RI is rank information of a channel matrix in MIMO.
The PMI is information on a precoding weight matrix used
in MIMO. The CQI is quality information indicating quality
of received data or channel quality. In addition, the
PUCCH carries a scheduling request (SR).
[0012] A physical uplink shared channel (PUSCH) is a
channel for uplink transmission from a communication
terminal to a base station. An uplink shared channel (UL-
SCH) which is one of the transport channels is mapped
to the PUSCH.
[0013] A physical hybrid ARQ (HARQ) indicator chan-
nel (PHICH) is a channel for downlink transmission from
a base station to a communication terminal. The PHICH
carries Ack/Nack which is a response signal to uplink
transmission. A physical random access channel
(PRACH) is a channel for uplink transmission from a com-
munication terminal to a base station. The PRACH car-
ries a random access preamble.
[0014] A downlink reference signal (RS) is a symbol
known in the LTE communication system. The following
five types of downlink reference signals are defined. The
signals are cell-specific reference signal (CRS), an MBS-
FN reference signal, a data demodulation reference sig-
nal (DM-RS) which is a UE-specific reference signal, a
positioning reference signal (PRS), and a channel state
information reference signal (CSI-RS). As a measure-
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ment of a physical layer of a communication terminal,
there is a measurement of reference signal received pow-
er (RSRP).
[0015] Similarly, an uplink reference signal is a symbol
known in the LTE communication system. The following
two types of uplink reference signals are defined. The
signals are a data demodulation reference signal
(DMRS) and a sounding reference signal (SRS).
[0016] Transport channels described in Non Patent Lit-
erature 1 (Chapter 5) will be described. Among downlink
transport channels, a broadcast channel (BCH) is broad-
cast in the entire coverage area of the base station (cell).
The BCH is mapped to the physical broadcast channel
(PBCH).
[0017] Retransmission control by hybrid ARQ (HARQ)
is applied to the downlink shared channel (DL-SCH). The
DL-SCH can be broadcast in the entire coverage area of
the base station (cell). The DL-SCH supports dynamic
or semi-static resource allocation. The semi-static re-
source allocation is also referred to as persistent sched-
uling. The DL-SCH supports discontinuous reception
(DRX) of a communication terminal in order to reduce
power consumption of the communication terminal. The
DL-SCH is mapped to the physical downlink shared
channel (PDSCH).
[0018] The paging channel (PCH) supports DRX of a
communication terminal in order to enable the commu-
nication terminal to reduce power consumption. The PCH
is required to be broadcast in the entire coverage area
of the base station (cell). The PCH is mapped to a phys-
ical resource such as the physical downlink shared chan-
nel (PDSCH) that can be dynamically used for traffic.
[0019] A multicast channel (MCH) is used for broad-
cast in the entire coverage area of the base station (cell).
The MCH supports SFN combining of multimedia broad-
cast multicast service (MBMS) services (MTCH and
MCCH) in multi-cell transmission. The MCH supports
semi-static resource allocation. The MCH is mapped to
the PMCH.
[0020] Retransmission control by hybrid ARQ (HARQ)
is applied to the uplink shared channel (UL-SCH) among
the uplink transport channels. The UL-SCH supports dy-
namic or semi-static resource allocation. The UL-SCH is
mapped to the physical uplink shared channel (PUSCH).
[0021] A random access channel (RACH) is limited to
control information. The RACH has a risk of collision. The
RACH is mapped to the physical random access channel
(PRACH).
[0022] The HARQ will be described. The HARQ is a
technology for improving communication quality of a
transmission path by a combination of automatic repeat
request (ARQ) and error correction (forward error cor-
rection). The HARQ has an advantage that error correc-
tion effectively functions by retransmission even for a
transmission path whose communication quality chang-
es. In particular, it is also possible to further improve the
quality in retransmission by combining a reception result
of first transmission and a reception result of the retrans-

mission.
[0023] An example of a retransmission method will be
described. In a case where a receiver cannot correctly
decode received data, in other words, in a case where a
cyclic redundancy check (CRC) error occurs (CRC=NG),
"Nack" is transmitted from the receiver to a transmitter.
The transmitter that has received "Nack" retransmits the
data. In a case where the receiver can correctly decode
received data, in other words, in a case where a CRC
error does not occur (CRC=OK), "Ack" is transmitted from
the receiver to the transmitter. The transmitter that has
received "Ack" transmits next data.
[0024] A logical channel described in Non Patent Lit-
erature 1 (Chapter 6) will be described. A broadcast con-
trol channel (BCCH) is a downlink channel for broadcast
system control information. The BCCH which is a logical
channel is mapped to the broadcast channel (BCH) or
the downlink shared channel (DL-SCH) each of which is
a transport channel.
[0025] A paging control channel (PCCH) is a downlink
channel for transmitting changes in paging information
and system information. The PCCH is used in a case
when the network does not know the cell location of a
communication terminal. The PCCH which is a logical
channel is mapped to the paging channel (PCH) which
is a transport channel.
[0026] A common control channel (CCCH) is a channel
for transmission control information between a commu-
nication terminal and a base station. The CCCH is used
in a case where the communication terminal has no RRC
connection with the network. In the downlink direction,
the CCCH is mapped to the downlink shared channel
(DL-SCH) which is a transport channel. In the uplink di-
rection, the CCCH is mapped to the uplink shared chan-
nel (UL-SCH) which is a transport channel.
[0027] A multicast control channel (MCCH) is a down-
link channel for point-to-multipoint transmission. The
MCCH is used for transmission of MBMS control infor-
mation for one or several MTCHs from the network to a
communication terminal. The MCCH is used only by a
communication terminal that is receiving the MBMS. The
MCCH is mapped to the multicast channel (MCH) which
is a transport channel.
[0028] A dedicated control channel (DCCH) is a chan-
nel for transmitting dedicated control information be-
tween a communication terminal and the network on a
point-to-point basis. The DCCH is used in a case where
the communication terminal has an RRC connection. The
DCCH is mapped to the uplink shared channel (UL-SCH)
in uplink, and is mapped to the downlink shared channel
(DL-SCH) in downlink.
[0029] A dedicated traffic channel (DTCH) is a point-
to-point communication channel for transmitting user in-
formation to a dedicated communication terminal. The
DTCH exists in both uplink and downlink. The DTCH is
mapped to the uplink shared channel (UL-SCH) in uplink,
and is mapped to the downlink shared channel (DL-SCH)
in downlink.
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[0030] A multicast traffic channel (MTCH) is a downlink
channel for transmitting traffic data from the network to
a communication terminal. The MTCH is a channel used
only by a communication terminal that is receiving the
MBMS. The MTCH is mapped to the multicast channel
(MCH).
[0031] CGI represents a cell global identifier. ECGI
represents an E-UTRAN cell global identifier. A closed
subscriber group (CSG) cell is introduced into LTE, long
term evolution advanced (LTE-A) described later, and
universal mobile telecommunication system (UMTS).
[0032] Location tracking of communication terminals
is performed in units of areas each including one or more
cells. The location tracking is performed in order to track
the location of a communication terminal to call the com-
munication terminal, in other words, in order to enable
the communication terminal to receive an incoming call,
even in an idle state. An area for the location tracking of
communication terminals is referred to as a tracking area.
[0033] Furthermore, in 3GPP, as Release 10, formu-
lation of long term evolution advanced (LTE-A) standard
is in progress (see Non Patent Literatures 3 and 4). LTE-
A is based on an LTE radio section communication sys-
tem, and is configured by adding some new technologies
to the system.
[0034] Regarding the LTE-A system, in order to sup-
port wider transmission bandwidths up to 100 MHz, car-
rier aggregation (CA) for aggregating two or more com-
ponent carriers (CCs) is under study. The CA is described
in Non Patent Literature 1.
[0035] In a case where the CA is configured, a UE
which is a communication terminal has only one RRC
connection with a network (NW). In the RRC connection,
one serving cell provides NAS mobility information and
security input. This cell is referred to as a primary cell
(PCell). In downlink, a carrier corresponding to the PCell
is a downlink primary component carrier (DL PCC). In
uplink, a carrier corresponding to the PCell is an uplink
primary component carrier (UL PCC).
[0036] Depending on the capability of the UE, a sec-
ondary cell (SCell) is configured to form a set of serving
cells with the PCell. In downlink, a carrier corresponding
to the SCell is a downlink secondary component carrier
(DL SCC). In uplink, a carrier corresponding to the SCell
is an uplink secondary component carrier (UL SCC).
[0037] A set of serving cells including one PCell and
one or more SCells is configured for one UE.
[0038] In addition, new technologies in LTE-A include
a technology for supporting wider bands (wider band-
width extension), a coordinated multiple point transmis-
sion and reception (CoMP) technology. The CoMP stud-
ied for LTE-A in 3GPP is described in Non Patent Liter-
ature 1.
[0039] In addition, use of a small eNB (hereinafter,
sometimes referred to as a "small-scale base station de-
vice") configuring a small cell has been studied in 3GPP
in order to cope with enormous traffic in the future. For
example, a technology is under study with which a large

number of small eNBs are installed to configure a large
number of small cells, thereby improving spectral effi-
ciency to increase communication capacity. Specifically,
there is dual connectivity (abbreviated as DC) with which
a UE is connected to two eNBs to perform communica-
tion. The DC is described in Non Patent Literature 1.
[0040] One of the eNBs that perform dual connectivity
(DC) may be referred to as a "master eNB (abbreviated
as MeNB)", and the other thereof may be referred to as
a "secondary eNB (abbreviated as SeNB)".
[0041] The traffic volume of a mobile network is on the
increase, and the communication speed is also increas-
ing. When operations of LTE and LTE-A are fully started,
the communication speed is expected to be further in-
creased.
[0042] Furthermore, for increasingly advanced mobile
communication, a fifth generation (hereinafter, some-
times referred to as "5G") radio access system has been
studied whose service is aimed to be launched in or after
2020. For example, in Europe, 5G requirements are com-
piled by an organization called METIS (see Non Patent
Literature 5).
[0043] For the 5G radio access system, the followings
are exemplified as requirements: as compared with the
LTE system, the system capacity is 1000 times, the data
transmission speed is 100 times, the data processing
latency is one-tenth (1/10), the number of simultaneously
connected communication terminals is 100 times, and
further reduction in power consumption and reduction in
device cost are achieved.
[0044] In order to satisfy such requirements, 5G stand-
ards have been studied as Release 15 in 3GPP (see Non
Patent Literatures 6 to 19). The technology of 5G radio
sections is referred to as "new radio access technology"
("new radio" is abbreviated as "NR").
[0045] An NR system has been studied on the basis
of the LTE system and the LTE-A system, but includes
additions and changes from the LTE system and the LTE-
A system in the following points.
[0046] As an access scheme of NR, OFDM is used in
the downlink direction, and OFDM and DFT-spread-
OFDM (DFT-s-OFDM) are used in the uplink direction.
[0047] In NR, frequencies higher than those in LTE can
be used to improve the transmission speed and to reduce
the processing latency.
[0048] In NR, cell coverage is ensured by forming a
narrow beam-shaped transmission/reception range
(beamforming) and changing a direction of the beam
(beam sweeping).
[0049] In a frame configuration of NR, various subcar-
rier spacings, that is, various numerologies, are support-
ed. Regardless of the numerologies, one subframe is 1
millisecond long, and one slot includes 14 symbols in
NR. In addition, the number of slots included in one sub-
frame is one in a numerology with a subcarrier spacing
of 15 kHz, and increases in proportion to subcarrier spac-
ings in other numerologies (see Non Patent Literature 13
(3GPP TS38.211)).
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[0050] A downlink synchronization signal in NR is
transmitted as a synchronization signal burst (hereinaf-
ter, sometimes referred to as an SS burst) from a base
station at a predetermined period for a predetermined
duration. The SS burst includes a synchronization signal
block (hereinafter, sometimes referred to as an SS block)
for each beam of the base station.
[0051] The base station transmits the SS blocks of re-
spective beams within the duration of the SS burst while
changing the beams. The SS block includes the P-SS,
the S-SS, and the PBCH.
[0052] In NR, a phase tracking reference signal
(PTRS) is added as a downlink reference signal of NR,
and thereby an influence of phase noise is reduced. Re-
garding an uplink reference signal as well, the PTRS is
added similarly to the downlink.
[0053] In NR, a slot format indication (SFI) has been
added to information included in the PDCCH in order to
perform flexible switching between the DL and the UL in
a slot.
[0054] Furthermore, in NR, the base station sets a part
of a carrier frequency band (hereinafter, sometimes re-
ferred to as bandwidth part (BWP)) in advance for a UE,
and the UE performs transmission and reception with the
base station in the BWP, thereby reducing power con-
sumption in the UE.
[0055] In 3GPP, as a form of the DC, DC performed
by an LTE base station and an NR base station connect-
ed to an EPC, DC performed by NR base stations con-
nected to a 5G core system, and DC performed by an
LTE base station and an NR base station connected to
the 5G core system have been studied (see Non Patent
Literatures 12, 16, and 19).
[0056] In addition, in 3GPP, support of a service (which
may be an application) using sidelink (SL) communica-
tion (also referred to as PC5 communication) in both an
evolved packet system (EPS) to be described later and
a 5G core system has been studied (see Non Patent
Literatures 1, 16, 20, 21, 22, and 23). Examples of the
service using the SL communication include a vehicle-
to-everything (V2X) service and a proximity service.

Citation List
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Summary of Invention

Problem to be solved by the Invention

[0058] It has been studied to support various services
using SL communication (also referred to as PC5 com-
munication) in both an EPS and a 5G core system (See
Non Patent Literatures 1, 16, 20, 21, 22, and 23). In the
SL communication, communication is performed be-
tween terminals. In the SL communication, not only direct
communication between terminals but also communica-
tion between a UE and an NW via a relay has been pro-
posed (see Non Patent Literatures 20, 23, and 27). In a
system that supports such communication via a relay,
the question is how to improve quality of communication
between the terminal and the NW. Examples of the ques-
tion include, in HO of a remote UE via a relay UE, how
to reduce data communication latency at the time of the
HO, and how to improve robustness at the time of the HO.
[0059] In view of the above problem, one of objects of
the present disclosure is to improve communication qual-
ity in a communication system using terminal-to-terminal
communication.

Means to Solve the Problem

[0060] A communication system according to the
present disclosure includes: a first base station to which
a first communication terminal is connected, the first com-
munication terminal supporting terminal-to-terminal
communication in which communication terminals direct-
ly communicate with each other; and a second base sta-
tion to which a second communication terminal is con-
nected, the second communication terminal supporting
the terminal-to-terminal communication. In a case where
the second base station receives a handover request for
the first communication terminal to connect to the second
base station via the second communication terminal, the
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second base station transmits, to the first communication
terminal and the second communication terminal, com-
munication configuration information indicating a content
of a configuration for the first communication terminal
and the second communication terminal to perform ter-
minal-to-terminal communication therebetween.

Effects of the Invention

[0061] According to the present disclosure, communi-
cation quality can be improved in a communication sys-
tem using terminal-to-terminal communication.
[0062] Objects, features, aspects, and advantages of
the present disclosure will become more apparent from
the following detailed description and the accompanying
drawings.

Brief Description of Drawings

[0063]

FIG. 1 is an explanatory diagram illustrating a con-
figuration of a radio frame used in an LTE commu-
nication system.
FIG. 2 is a block diagram illustrating an overall con-
figuration of an LTE communication system 200 that
has been discussed in 3GPP.
FIG. 3 is a block diagram illustrating an overall con-
figuration of an NR communication system 210 that
has been discussed in 3GPP.
FIG. 4 is a configuration diagram of DC performed
by an eNB and a gNB connected to an EPC.
FIG. 5 is a configuration diagram of DC performed
by gNBs connected to an NG core.
FIG. 6 is a configuration diagram of DC performed
by an eNB and the gNB connected to the NG core.
FIG. 7 is a configuration diagram of DC performed
by an eNB and the gNB connected to the NG core.
FIG. 8 is a block diagram illustrating a configuration
of user equipment 202 illustrated in FIG. 2.
FIG. 9 is a block diagram illustrating a configuration
of a base station 203 illustrated in FIG. 2.
FIG. 10 is a block diagram illustrating a configuration
of an MME.
FIG. 11 is a block diagram illustrating a configuration
of a 5GC unit.
FIG. 12 is a flowchart schematically illustrating a cell
search to an idle state operation performed by a com-
munication terminal (UE) in the LTE communication
system.
FIG. 13 is a diagram illustrating an example of a con-
figuration of a cell in an NR system.
FIG. 14 is a sequence diagram illustrating an exam-
ple of a method of HO of a remote UE via a relay UE
in a first embodiment.
FIG. 15 is a sequence diagram illustrating another
example of the method of the HO of the remote UE
via the relay UE in the first embodiment.

FIG. 16 is a sequence diagram illustrating an exam-
ple of a method of HO of the remote UE via the relay
UE in a first modification of the first embodiment.
FIG. 17 is a sequence diagram illustrating an exam-
ple of a method of I-DAPS HO in a second modifi-
cation of the first embodiment.
FIG. 18 is a sequence diagram illustrating another
example of the method of the I-DAPS HO in the sec-
ond modification of the first embodiment.
FIG. 19 is a sequence diagram illustrating an exam-
ple of a method of I-CHO in a second embodiment.
FIG. 20 is a sequence diagram illustrating an exam-
ple of a method in which a remote UE performs HO
to a gNB as an HO destination of a relay UE in a
third embodiment.
FIG. 21 is a sequence diagram illustrating another
example of the method in which the remote UE per-
forms the HO to the gNB as the HO destination of
the relay UE in the third embodiment.
FIG. 22 is a sequence diagram illustrating another
example of the method in which the remote UE per-
forms the HO to the gNB as the HO destination of
the relay UE in the third embodiment.

Description of Embodiments

[0064] Hereinafter, a communication system and a
base station according to each embodiment of the
present disclosure will be described in detail with refer-
ence to the drawings.

First Embodiment.

[0065] FIG. 2 is a block diagram illustrating an overall
configuration of an LTE communication system 200 that
has been discussed in 3GPP. FIG. 2 will be described.
A radio access network is referred to as an evolved uni-
versal terrestrial radio access network (E-UTRAN) 201.
A user equipment device (hereinafter referred to as "user
equipment (UE)") 202 which is a communication terminal
device can perform radio communication with a base sta-
tion device (hereinafter referred to as "base station (E-
UTRAN NodeB (eNB))") 203, and transmits and receives
signals by radio communication.
[0066] Here, the "communication terminal device" in-
cludes not only a user equipment device such as a mobile
phone terminal device that is movable, but also a non-
moving device such as a sensor. In the following descrip-
tion, the "communication terminal device" may be simply
referred to as a "communication terminal".
[0067] If a control protocol for the user equipment 202,
for example, radio resource control (RRC), and a user
plane (hereinafter, sometimes referred to as a U-plane),
for example, a packet data convergence protocol (PD-
CP), radio link control (RLC), medium access control
(MAC), or a physical layer (PHY), are terminated in the
base station 203, the E-UTRAN includes one or a plurality
of base stations 203.
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[0068] Radio resource control (RRC) as a control pro-
tocol between the user equipment 202 and the base sta-
tion 203 performs broadcast, paging, RRC connection
management, and the like. As states of the base station
203 and the user equipment 202 in RRC, there are
RRC_IDLE and RRC_CONNECTED.
[0069] In RRC_IDLE, public land mobile network
(PLMN) selection, broadcast of system information (SI),
paging, cell re-selection, mobility, and the like are per-
formed. In RRC_CONNECTED, the user equipment has
RRC connection and can transmit and receive data to
and from a network. In addition, in RRC_CONNECTED,
handover (HO), measurement of a neighbor cell, and the
like are performed.
[0070] The base station 203 includes one or a plurality
of eNBs 207. A system including an evolved packet core
(EPC) which is a core network and the E-UTRAN 201
which is a radio access network is referred to as an
evolved packet system (EPS). The EPC which is a core
network and the E-UTR_AN 201 which is a radio access
network may be collectively referred to as a "network".
[0071] Each eNB 207 is connected via an S1 interface
to an MME/S-GW unit (hereinafter, sometimes referred
to as an "MME unit") 204 including a mobility manage-
ment entity (MME) or a serving gateway (S-GW), or the
MME and the S-GW, and control information is commu-
nicated between the eNB 207 and the MME unit 204. A
plurality of MME units 204 may be connected to one eNB
207. The eNBs 207 are connected to each other via an
X2 interface, and the control information is communicat-
ed between the eNBs 207.
[0072] The MME unit 204 is a higher-level device, spe-
cifically, a higher-level node, and controls connection be-
tween the eNB 207 which is a base station and the user
equipment (UE) 202. The MME unit 204 configures the
EPC which is a core network. The base station 203 con-
figures the E-UTRAN 201.
[0073] The base station 203 may configure one cell or
a plurality of cells. Each cell has a predetermined range
as a coverage which is a range in which communication
with the user equipment 202 is possible, and performs
radio communication with the user equipment 202 within
the coverage. In a case where one base station 203 con-
figures a plurality of cells, each cell is configured to be
able to communicate with the user equipment 202.
[0074] FIG. 3 is a block diagram illustrating an overall
configuration of a 5G communication system 210 that
has been discussed in 3GPP. FIG. 3 will be described.
The radio access network is referred to as a next gener-
ation radio access network (NG-RAN) 211. The UE 202
can perform radio communication with an NR base sta-
tion device (hereinafter referred to as an "NR base station
(NG-RAN NodeB (gNB))") 213, and transmits and re-
ceives signals by radio communication. The core network
is referred to as a 5G core (5GC).
[0075] If a control protocol for the UE 202, for example,
radio resource control (RRC), and a user plane (herein-
after, sometimes referred to as a U-plane), for example,

service data adaptation protocol (SDAP), packet data
convergence protocol (PDCP), radio link control (RLC),
medium access control (MAC), or physical layer (PHY),
are terminated in the NR base station 213, the NG-RAN
includes one or a plurality of NR base stations 213.
[0076] A function of radio resource control (RRC) as a
control protocol between the UE 202 and the NR base
station 213 is similar to that of LTE. As states of the NR
base station 213 and the UE 202 in RRC, there are
RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE.
[0077] RRC_IDLE and RRC_CONNECTED are simi-
lar to those in the LTE system. In RRC_INACTIVE, broad-
cast of system information (SI), paging, cell re-selection,
mobility, and the like are performed while connection be-
tween the 5G core and the NR base station 213 is main-
tained.
[0078] Each gNB 217 is connected via an NG interface
to an AMF/SMF/UPF unit (hereinafter, sometimes re-
ferred to as a "5GC unit") 214 including an access and
mobility management function (AMF), a session man-
agement function (SMF), or a user plane function (UPF),
or the AMF, the SMF, and the UPF. Control information
and/or user data is communicated between each gNB
217 and the 5GC unit 214. The NG interface is a generic
term for an N2 interface between each gNB 217 and the
AMF, an N3 interface between each gNB 217 and the
UPF, an N11 interface between the AMF and the SMF,
and an N4 interface between the UPF and the SMF. A
plurality of 5GC units 214 may be connected to one gNB
217. The gNBs 217 are connected to each other via an
Xn interface, and control information and/or user data is
communicated between the gNBs 217.
[0079] The 5GC unit 214 is a higher-level device, spe-
cifically, a higher-level node, and distributes paging sig-
nals to one or a plurality of base stations 203 and/or base
stations 213. In addition, the 5GC unit 214 performs mo-
bility control in an idle state. The 5GC unit 214 manages
a tracking area list when the user equipment 202 is in
the idle state, an inactive state, and an active state. The
5GC unit 214 starts a paging protocol by transmitting a
paging message to a cell belonging to a tracking area in
which the user equipment 202 is registered.
[0080] The NR base station 213 may also configure
one or a plurality of cells similarly to the base station 203.
In a case where one NR base station 213 configures a
plurality of cells, each cell is configured to be able to
communicate with the UE 202.
[0081] The gNB 217 may be divided into a central unit
(hereinafter, sometimes referred to as a CU) 218 and a
distributed unit (hereinafter, sometimes referred to as a
DU) 219. One CU 218 is configured in the gNB 217. One
or a plurality of DUs 219 are configured in the gNB 217.
The CU 218 is connected to the DU 219 via the F1 inter-
face, and control information and/or user data is commu-
nicated between the CU 218 and the DU 219.
[0082] A unified data management (UDM) function and
a policy control function (PCF) described in Non Patent
Literature 21 (3GPP TS23.501) may be included in the
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5G communication system. The UDM and/or the PCF
may be included in the 5GC unit 214 in FIG. 3.
[0083] A location management function (LMF) de-
scribed in Non Patent Literature 24 (3GPP TS 38.305)
may be provided in the 5G communication system. The
LMF may be connected to a base station via the AMF as
disclosed in Non Patent Literature 25 (3GPP TS 23.273).
[0084] A non-3GPP interworking function (N3IWF) de-
scribed in Non Patent Literature 21 (3GPP TS23.501)
may be included in the 5G communication system. The
N3IWF may terminate an access network (AN) with the
UE in non-3GPP access with the UE.
[0085] FIG. 4 is a diagram illustrating a configuration
of DC performed by an eNB and a gNB connected to the
EPC. In FIG. 4, solid lines each indicate U-plane connec-
tion, and broken lines each indicate C-plane connection.
In FIG. 4, an eNB 223-1 serves as a master base station,
and a gNB 224-2 serves as a secondary base station
(this DC configuration is sometimes referred to as EN-
DC). Although FIG. 4 illustrates an example in which the
U-plane connection between the MME unit 204 and the
gNB 224-2 is established via the eNB 223-1, the U-plane
connection may be directly established between the
MME unit 204 and the gNB 224-2.
[0086] FIG. 5 is a diagram illustrating a configuration
of DC performed by gNBs connected to an NG core. In
FIG. 5, solid lines each indicate U-plane connection, and
broken lines each indicate C-plane connection. In FIG.
5, a gNB 224-1 serves as a master base station, and the
gNB 224-2 serves as a secondary base station (this DC
configuration is sometimes referred to as NR-DC). Al-
though FIG. 5 illustrates an example in which the U-plane
connection between the 5GC unit 214 and the gNB 224-2
is established via the gNB 224-1, the U-plane connection
may be directly established between the 5GC unit 214
and the gNB 224-2.
[0087] FIG. 6 is a diagram illustrating a configuration
of DC performed by an eNB and the gNB connected to
the NG core. In FIG. 6, solid lines each indicate U-plane
connection, and broken lines each indicate C-plane con-
nection. In FIG. 6, an eNB 226-1 serves as a master base
station, and the gNB 224-2 serves as a secondary base
station (this DC configuration is sometimes referred to
as NG-EN-DC). Although FIG. 6 illustrates an example
in which the U-plane connection between the 5GC unit
214 and the gNB 224-2 is established via the eNB 226-1,
the U-plane connection may be directly established be-
tween the 5GC unit 214 and the gNB 224-2.
[0088] FIG. 7 is a diagram illustrating another config-
uration of DC performed by an eNB and the gNB con-
nected to the NG core. In FIG. 7, solid lines each indicate
U-plane connection, and broken lines each indicate C-
plane connection. In FIG. 7, the gNB 224-1 serves as a
master base station, and an eNB 226-2 serves as a sec-
ondary base station (this DC configuration is sometimes
referred to as NE-DC). Although FIG. 7 illustrates an ex-
ample in which the U-plane connection between the 5GC
unit 214 and the eNB 226-2 is established via the gNB

224-1, the U-plane connection may be directly estab-
lished between the 5GC unit 214 and the eNB 226-2.
[0089] FIG. 8 is a block diagram illustrating a configu-
ration of the user equipment 202 illustrated in FIG. 2. A
transmission process performed by the user equipment
202 illustrated in FIG. 8 will be described. First, control
data from a protocol processing unit 301 and user data
from an application unit 302 are stored in a transmission
data buffer unit 303. The data stored in the transmission
data buffer unit 303 is passed to an encoder unit 304,
and an encoding process such as error correction is per-
formed thereon. There may be data output from the trans-
mission data buffer unit 303 to a modulation unit 305
directly without being subjected to the encoding process.
The data encoded by the encoder unit 304 is subjected
to a modulation process by the modulation unit 305. The
modulation unit 305 may perform precoding in MIMO.
The modulated data is converted into a baseband signal,
and then the baseband signal is output to a frequency
conversion unit 306 to be converted into a radio trans-
mission frequency. Thereafter, transmission signals are
transmitted to the base station 203 from antennas 307-1
to 307-4. FIG. 8 exemplifies a case where the number of
antennas is four, but the number of antennas is not limited
to four.
[0090] The user equipment 202 executes a reception
process as follows. A radio signal from the base station
203 is received by each of the antennas 307-1 to 307-4.
The received signal is converted from a radio reception
frequency into a baseband signal by the frequency con-
version unit 306, and a demodulation process is per-
formed thereon by a demodulation unit 308. The demod-
ulation unit 308 may perform a weight calculation and a
multiplication process. The demodulated data is passed
to a decoder unit 309, and a decoding process such as
error correction is performed thereon. Among pieces of
the decoded data, the control data is passed to the pro-
tocol processing unit 301, and the user data is passed
to the application unit 302. A series of processes of the
user equipment 202 is controlled by a control unit 310.
Therefore, although not illustrated in FIG. 8, the control
unit 310 is connected to each of components 301 to 309.
The control unit 310 is implemented by, for example,
processing circuitry configured to include a processor
and a memory. That is, the control unit 310 is implement-
ed by the processor executing a program in which a se-
ries of processes of the user equipment 202 is described.
The program in which a series of processes of the user
equipment 202 is described is stored in the memory. Ex-
amples of the memory include a nonvolatile or volatile
semiconductor memory such as a random access mem-
ory (RAM), a read only memory (ROM), or a flash mem-
ory. The control unit 310 may be implemented by dedi-
cated processing circuitry such as a field programmable
gate array (FPGA), an application specific integrated cir-
cuit (ASIC), or a digital signal processor (DSP). In FIG.
8, the number of antennas used by the user equipment
202 for transmission and the number of antennas used
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thereby for reception may be the same as or different
from each other.
[0091] FIG. 9 is a block diagram illustrating a configu-
ration of the base station 203 illustrated in FIG. 2. A trans-
mission process performed by the base station 203 illus-
trated in FIG. 9 will be described. An EPC communication
unit 401 transmits and receives data between the base
station 203 and the EPC (such as the MME unit 204). A
5GC communication unit 412 transmits and receives data
between the base station 203 and the 5GC (such as the
5GC unit 214). An other-base-station communication unit
402 transmits and receives data to and from other base
stations. The EPC communication unit 401, the 5GC
communication unit 412, and the other-base-station
communication unit 402 each exchange information with
a protocol processing unit 403. Control data from the pro-
tocol processing unit 403 and user data and control data
from the EPC communication unit 401, the 5GC commu-
nication unit 412, and the other-base-station communi-
cation unit 402 are stored in a transmission data buffer
unit 404.
[0092] The data stored in the transmission data buffer
unit 404 is passed to an encoder unit 405, and an encod-
ing process such as error correction is performed there-
on. There may be data output from the transmission data
buffer unit 404 to a modulation unit 406 directly without
being subjected to the encoding process. The encoded
data is subjected to a modulation process by the modu-
lation unit 406. The modulation unit 406 may perform
precoding in MIMO. The modulated data is converted
into a baseband signal, and then the baseband signal is
output to a frequency conversion unit 407 to be converted
into a radio transmission frequency. Thereafter, trans-
mission signals are transmitted from antennas 408-1 to
408-4 to one or a plurality of UEs 202. FIG. 9 exemplifies
a case where the number of antennas is four, but the
number of antennas is not limited to four.
[0093] The base station 203 executes a reception proc-
ess as follows. Radio signals from one or a plurality of
UEs 202 are received by the antennas 408. The received
signals are each converted from a radio reception fre-
quency into a baseband signal by the frequency conver-
sion unit 407, and a demodulation process is performed
thereon by a demodulation unit 409. The demodulated
data is passed to a decoder unit 410, and a decoding
process such as error correction is performed thereon.
Among pieces of the decoded data, the control data is
passed to the protocol processing unit 403, the 5GC com-
munication unit 412, the EPC communication unit 401,
or the other-base-station communication unit 402, and
the user data is passed to the 5GC communication unit
412, the EPC communication unit 401, or the other-base-
station communication unit 402. A series of processes
of the base station 203 is controlled by a control unit 411.
Therefore, although not illustrated in FIG. 9, the control
unit 411 is connected to each of components 401 to 410,
and 412. Similarly to the control unit 310 of the user equip-
ment 202 described above, the control unit 411 is imple-

mented by processing circuitry configured to include a
processor and a memory, or dedicated processing cir-
cuitry such as an FPGA, an ASIC, or a DSP. In FIG. 9,
the number of antennas used by the base station 203 for
transmission and the number of antennas used thereby
for reception may be the same as or different from each
other.
[0094] FIG. 9 is a block diagram illustrating the config-
uration of the base station 203, but the base station 213
may have a configuration similar thereto. In addition, in
FIGS. 8 and 9, the number of antennas of the user equip-
ment 202 and the number of antennas of the base station
203 may be the same as or different from each other.
[0095] FIG. 10 is a block diagram illustrating a config-
uration of an MME. FIG. 10 illustrates a configuration of
an MME 204a included in the MME unit 204 illustrated
in FIG. 2 described above. A PDN GW communication
unit 501 transmits and receives data between the MME
204a and a packet data network gate way (PDN GW). A
base station communication unit 502 transmits and re-
ceives data between the MME 204a and the base station
203 via the S1 interface. In a case where data received
from the PDN GW is user data, the user data is passed
from the PDN GW communication unit 501 to the base
station communication unit 502 via a user plane commu-
nication unit 503, and transmitted to one or a plurality of
base stations 203. In a case where data received from
the base station 203 is user data, the user data is passed
from the base station communication unit 502 to the PDN
GW communication unit 501 via the user plane commu-
nication unit 503, and transmitted to the PDN GW.
[0096] In a case where the data received from the PDN
GW is control data, the control data is passed from the
PDN GW communication unit 501 to a control plane con-
trol unit 505. In a case where the data received from the
base station 203 is control data, the control data is passed
from the base station communication unit 502 to the con-
trol plane control unit 505.
[0097] A HeNBGW communication unit 504 transmits
and receives data between the MME 204a and a home-
eNB gate way (HeNB GW). Control data received by the
HeNBGW communication unit 504 from the HeNB GW
is passed to the control plane control unit 505. The HeN-
BGW communication unit 504 transmits control data in-
put from the control plane control unit 505 to the HeNB
GW.
[0098] The control plane control unit 505 includes a
NAS security unit 505-1, an SAE bearer control unit
505-2, an idle state mobility management unit 505-3, and
the like, and performs overall processes on a control
plane (hereinafter, sometimes referred to as a C-plane).
The NAS security unit 505-1 provides security of a non-
access stratum (NAS) message and the like. The SAE
bearer control unit 505-2 performs management of sys-
tem architecture evolution (SAE) bearers, and the like.
The idle state mobility management unit 505-3 performs
mobility management of an idle state (LTE-IDLE state or
also simply referred to as idle), generation and control of
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a paging signal in the idle state, addition, deletion, up-
date, and search of a tracking area of one or a plurality
of UEs 202 under the management thereof, tracking area
list management, and the like.
[0099] The MME 204a distributes paging signals to one
or a plurality of base stations 203. In addition, the MME
204a performs mobility control in the idle state. The MME
204a manages a tracking area list when the user equip-
ment 202 is in the idle state and an active state. The MME
204a starts a paging protocol by transmitting a paging
message to a cell belonging to a tracking area in which
the user equipment 202 is registered. The idle state mo-
bility management unit 505-3 may manage CSG of the
eNB 207 connected to the MME 204a, CSG IDs, and a
whitelist.
[0100] A series of processes of the MME 204a is con-
trolled by a control unit 506. Therefore, although not il-
lustrated in FIG. 10, the control unit 506 is connected to
each of components 501 to 505. Similarly to the control
unit 310 of the user equipment 202 described above, the
control unit 506 is implemented by processing circuitry
configured to include a processor and a memory, or ded-
icated processing circuitry such as an FPGA, an ASIC,
or a DSP.
[0101] FIG. 11 is a block diagram illustrating a config-
uration of the 5GC unit. FIG. 11 illustrates a configuration
of the 5GC unit 214 illustrated in FIG. 3 described above.
FIG. 11 illustrates a case where a configuration of the
AMF, a configuration of the SMF, and a configuration of
the UPF are included in the 5GC unit 214 illustrated in
FIG. 5. A data network communication unit 521 transmits
and receives data between the 5GC unit 214 and a data
network. A base station communication unit 522 trans-
mits and receives data via the S1 interface between the
5GC unit 214 and the base station 203 and/or via the NG
interface between the 5GC unit 214 and the base station
213. In a case where data received from the data network
is user data, the user data is passed from the data net-
work communication unit 521 to the base station com-
munication unit 522 via a user plane communication unit
523, and transmitted to one or a plurality of base stations
203 and/or base stations 213. In a case where data re-
ceived from the base station 203 and/or the base station
213 is user data, the user data is passed from the base
station communication unit 522 to the data network com-
munication unit 521 via the user plane communication
unit 523, and transmitted to the data network.
[0102] In a case where data received from the data
network is control data, the control data is passed from
the data network communication unit 521 to a session
management unit 527 via the user plane communication
unit 523. The session management unit 527 passes the
control data to a control plane control unit 525. In a case
where data received from the base station 203 and/or
the base station 213 is control data, the control data is
passed from the base station communication unit 522 to
the control plane control unit 525. The control plane con-
trol unit 525 passes the control data to the session man-

agement unit 527.
[0103] The control plane control unit 525 includes a
NAS security unit 525-1, a PDU session control unit
525-2, an idle state mobility management unit 525-3, and
the like, and performs overall processes on a control
plane (hereinafter, sometimes referred to as a C-plane).
The NAS security unit 525-1 provides security of a non-
access stratum (NAS) message, and the like. The PDU
session control unit 525-2 performs management of a
PDU session between the user equipment 202 and the
5GC unit 214, and the like. The idle state mobility man-
agement unit 525-3 performs mobility management of an
idle state (RRC-IDLE state or also simply referred to as
idle), generation and control of a paging signal in the idle
state, addition, deletion, update, and search of a tracking
area of one or a plurality of UEs 202 under the manage-
ment thereof, tracking area list management, and the like.
[0104] A series of processes of the 5GC unit 214 is
controlled by a control unit 526. Therefore, although not
illustrated in FIG. 11, the control unit 526 is connected
to each of components 521 to 523, 525, and 527. Simi-
larly to the control unit 310 of the user equipment 202
described above, the control unit 526 is implemented by
processing circuitry configured to include a processor
and a memory, or dedicated processing circuitry such as
an FPGA, an ASIC, or a DSP.
[0105] Next, an example of a cell search method in a
communication system will be described. FIG. 12 is a
flowchart schematically illustrating a cell search to an idle
state operation performed by a communication terminal
(UE) in the LTE communication system. When starting
the cell search, in step ST601, the communication termi-
nal synchronizes a slot timing and a frame timing using
a primary synchronization signal (P-SS) and a secondary
synchronization signal (S-SS) transmitted from a neigh-
bor base station.
[0106] The P-SS and the S-SS are collectively referred
to as a synchronization signal (SS). Synchronization
codes that correspond one-to-one to PCIs are allocated
to the synchronization signals (SSs), the PCIs being al-
located on a per cell basis. As the number of PCIs, 504
different numbers are studied. The communication ter-
minal performs synchronization using the 504 different
numbers of PCIs and detects (specifies) a PCI of a syn-
chronized cell.
[0107] Next, in step ST602, the communication termi-
nal detects, for the synchronized cell, a cell-specific ref-
erence signal (CRS) which is a reference signal (RS)
transmitted from the base station for each cell, and meas-
ures reference signal received power (RSRP). Codes
that correspond one-to-one to the PCIs are used for ref-
erence signals (RSs). Separation from other cells can be
performed by obtaining correlation using the codes. By
deriving the code for the RS of the cell from the PCI spec-
ified in step ST601, it is possible to detect the RS and to
measure the RS received power.
[0108] Next, in step ST603, the communication termi-
nal selects a cell having the best RS reception quality,
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for example, a cell having the highest RS received power,
that is, the best cell, from among the one or more cells
detected up to step ST602.
[0109] Next, in step ST604, the communication termi-
nal receives the PBCH of the best cell and obtains the
BCCH which is broadcast information. A master informa-
tion block (MIB) including cell configuration information
is mapped to the BCCH on the PBCH. Accordingly, the
MIB is obtained by receiving the PBCH to obtain the
BCCH. Examples of the information of the MIB include
a downlink (DL) system bandwidth (also referred to as
transmission bandwidth configuration (dl-bandwidth)),
the number of transmission antennas, and a system
frame number (SFN).
[0110] Next, in step ST605, the communication termi-
nal receives the DL-SCH of the cell on the basis of the
cell configuration information of the MIB to obtain a sys-
tem information block (SIB) 1 in the broadcast information
BCCH. The SIB 1 includes information about access to
the cell, information about cell selection, and scheduling
information of other SIBs (SIB k; k is an integer equal to
or greater than 2). The SIB 1 further includes a tracking
area code (TAC).
[0111] Next, in step ST606, the communication termi-
nal compares the TAC of the SIB 1 received in step ST605
with a TAC portion of a tracking area identity (TAI) in the
tracking area list already held by the communication ter-
minal. The tracking area list is also referred to as a TAI
list. The TAI is identification information for identifying a
tracking area, and includes a mobile country code (MCC),
a mobile network code (MNC), and a tracking area code
(TAC). The MCC is a country code. The MNC is a network
code. The TAC is a code number of the tracking area.
[0112] If the TAC received in step ST605 is the same
as the TAC included in the tracking area list as a result
of the comparison in step ST606, the communication ter-
minal enters an idle state operation in the cell. If the TAC
received in step ST605 is not included in the tracking
area list as a result of the comparison, the communication
terminal requests, through the cell, a core network (EPC)
including the MME or the like to change the tracking area
in order to perform a tracking area update (TAU).
[0113] In the example illustrated in FIG. 12, from the
cell search to the idle state operation in the LTE system
are exemplified, but in the NR system, the best beam
may be selected in addition to the best cell in step ST603.
In addition, in the NR system, information on a beam, for
example, a beam identifier may be acquired in step
ST604. Furthermore, in the NR system, scheduling in-
formation of remaining minimum SI (RMSI) may be ac-
quired in step ST604. In the NR system, the RMSI may
be received in step ST605.
[0114] A device configuring a core network (hereinaf-
ter, sometimes referred to as a "core-network-side de-
vice") updates the tracking area list on the basis of an
identification number (such as a UE-ID) of a communi-
cation terminal transmitted from the communication ter-
minal together with a TAU request signal. The core-net-

work-side device transmits the updated tracking area list
to the communication terminal. The communication ter-
minal rewrites (updates) the TAC list held by the com-
munication terminal on the basis of the received tracking
area list. Thereafter, the communication terminal enters
an idle state operation in the cell.
[0115] The spread of smartphones and tablet terminal
devices results in explosively increasing traffic in cellular
radio communication, and there is a worldwide concern
about a shortage of radio resources. In order to deal with
the above to improve the spectral efficiency, downsizing
of cells to advance spatial separation is under study.
[0116] In a conventional cell configuration, a cell con-
figured by an eNB has a relatively wide range of cover-
age. A cell is conventionally configured to cover a certain
area by such a relatively wide range of coverage of a
plurality of cells configured by a plurality of eNBs.
[0117] In a case where cells are downsized, a cell con-
figured by the eNB has a range of coverage narrower
than the coverage of a cell configured by a conventional
eNB. Accordingly, in order to cover a certain area simi-
larly to conventional cases, a large number of eNBs con-
figuring downsized cells as compared with the conven-
tional eNBs are required.
[0118] In the following description, a cell having rela-
tively large coverage such as the cell configured by a
conventional eNB is referred to as a "macro cell", and an
eNB configuring the macro cell is referred to as a "macro
eNB". In addition, a cell having a relatively small coverage
such as a downsized cell is referred to as a "small cell",
and an eNB configuring the small cell is referred to as a
"small eNB".
[0119] The macro eNB may be, for example, a "wide
area base station" described in Non Patent Literature 7.
[0120] The small eNB may be, for example, a low pow-
er node, a local area node, a hotspot, or the like. In ad-
dition, the small eNB may be a pico eNB configuring a
picocell, a femto eNB configuring a femtocell, a HeNB,
a remote radio head (RRH), a remote radio unit (RRU),
remote radio equipment (RRE), or a relay node (RN).
Furthermore, the small eNB may be a "local area base
station" or a "home base station" described in Non Patent
Literature 7.
[0121] FIG. 13 illustrates an example of a configuration
of a cell in NR. In the cell in NR, narrow beams are formed
and transmitted in different directions. In the example
illustrated in FIG. 13, a base station 750 performs trans-
mission and reception to and from user equipment using
a beam 751-1 at a certain time. The base station 750
performs transmission and reception to and from the user
equipment using a beam 751-2 at another time. There-
after, the base station 750 similarly performs transmis-
sion and reception to and from the user equipment using
one or more of the beams 751-3 to 751-8. Thus, the base
station 750 configures a cell with a wide range.
[0122] Although FIG. 13 illustrates an example in which
the number of beams used by the base station 750 is
eight, the number of beams may be different from eight.
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In addition, although the number of beams simultaneous-
ly used by the base station 750 is one in the example
illustrated in FIG. 13, the number of beams may be two
or more.
[0123] In 3GPP, sidelink (SL) is supported for device
to device (D2D) communication and vehicle to vehicle
(V2V) communication (see Non Patent Literatures 1 and
16). The SL is defined by a PC5 interface.
[0124] A physical channel (see Non Patent Literature
1) used for the SL will be described. A physical sidelink
broadcast channel (PSBCH) carries information related
to a system and synchronization, and is transmitted from
a UE.
[0125] A physical sidelink discovery channel (PSDCH)
carries a sidelink discovery message from a UE.
[0126] A physical sidelink control channel (PSCCH)
carries control information from a UE for sidelink com-
munication and V2X sidelink communication.
[0127] A physical sidelink shared channel (PSSCH)
carries data from a UE for sidelink communication and
V2X sidelink communication.
[0128] A physical sidelink feedback channel (PSFCH)
carries HARQ feedback on the sidelink from a UE that
has received PSSCH transmission to a UE that has trans-
mitted the PSSCH.
[0129] A transport channel (see Non Patent Literature
1) used for the SL will be described. A sidelink broadcast
channel (SL-BCH) has a predetermined transport format
and is mapped to the PSBCH which is a physical channel.
[0130] A sidelink discovery channel (SL-DCH) has pe-
riodic broadcast transmission of a predetermined format
having a fixed size. In addition, the SL-DCH supports
both UE autonomous resource selection and resource
allocation scheduled by eNB. In the UE autonomous re-
source selection, there is a collision risk, and when ded-
icated resources are allocated to a UE by an eNB, there
is no collision. In addition, the SL-DCH supports HARQ
combining but does not support HARQ feedback. The
SL-DCH is mapped to the PSDCH which is a physical
channel.
[0131] A sidelink shared channel (SL-SCH) supports
broadcast transmission. The SL-SCH supports both UE
autonomous resource selection and resource allocation
scheduled by eNB. In the UE autonomous resource se-
lection, there is a collision risk, and when dedicated re-
sources are allocated to a UE by an eNB, there is no
collision. In addition, the SL-SCH supports HARQ com-
bining but does not support HARQ feedback. Further-
more, the SL-SCH supports dynamic link adaptation by
changing transmission power, modulation, and coding.
The SL-SCH is mapped to the PSSCH which is a physical
channel.
[0132] A logical channel (see Non Patent Literature 1)
used for the SL will be described. A sidelink broadcast
control channel (SBCCH) is a sidelink channel for broad-
casting sidelink system information from one UE to an-
other UE. The SBCCH is mapped to the SL-BCH which
is a transport channel.

[0133] A sidelink traffic channel (STCH) is a point-to-
multipoint sidelink traffic channel for transmitting user in-
formation from one UE to another UE. The STCH is used
only by a UE having a sidelink communication capability
and a UE having a V2X sidelink communication capabil-
ity. Point-to-point communication between two UEs hav-
ing the sidelink communication capabilities is also real-
ized by using the STCH. The STCH is mapped to the SL-
SCH which is a transport channel.
[0134] A sidelink control channel (SCCH) is a sidelink
control channel for transmitting control information from
one UE to another UE. The SCCH is mapped to the SL-
SCH which is a transport channel.
[0135] In 3GPP, support of V2X communication also
in NR has been studied. The study of the V2X commu-
nication in NR has been progressed on the basis of the
LTE system and the LTE-A system, but there are addi-
tions and changes to and from the LTE system and the
LTE-A system in the following points.
[0136] In LTE, the SL communication uses broadcast
only. In NR, as the SL communication, support of unicast
and groupcast in addition to broadcast has been studied
(see Non Patent Literature 22 (3GPP TS 23.287)).
[0137] Support of HARQ feedback (Ack/Nack), a CSI
reporting, and the like in unicast communication and
groupcast communication has been studied.
[0138] In order to support unicast and groupcast in ad-
dition to broadcast in the SL communication, support of
PC5-S signaling has been studied (see Non Patent Lit-
erature 22 (3GPP TS 23.287)). For example, PC5-S sig-
naling is implemented to establish a link for implementing
SL, i.e., PC5 communication. The link is implemented in
a V2X layer and is also referred to as a layer 2 link.
[0139] In addition, support of RRC signaling in the SL
communication has been studied (see Non Patent Liter-
ature 22 (3GPP TS 23.287)). The RRC signaling in the
SL communication is also referred to as PC5 RRC sign-
aling. For example, it has been proposed to perform no-
tifications, between UEs that perform PC5 communica-
tion, of capability of each UE, and of an AS layer config-
uration for performing the V2X communication using the
PC5 communication.
[0140] In the SL communication, communication be-
tween a UE and an NW via a relay has been proposed
(see Non Patent Literatures 20 (3GPP TR 23.703), 23
(3GPP TS 23.303), and 27 (3GPP TR 38.836)). The relay
between the UE and the NW is sometimes referred to as
a UE-to-NW relay or a UE-NW relay. In the present dis-
closure, a UE that performs relay between the UE and
the NW is sometimes referred to as a relay UE.
[0141] For example, there may be a case where com-
munication needs to be performed not only between a
UE within the coverage of a RAN node (for example, a
gNB) and the RAN node, but also between a more distant
UE and the RAN node. In such a case, a method using
the UE-NW relay is possibly employed. For example,
communication between the gNB and the UE (sometimes
referred to as a remote UE) is performed via the relay
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UE. Communication between the gNB and the relay UE
is performed by Uu, and communication between the re-
lay UE and the remote UE is performed by the PC5.
[0142] For example, both the relay UE and the remote
UE may be present within the coverage of a gNB. The
gNB having the relay UE present within the coverage
thereof (hereinafter, sometimes referred to as gNB #1)
and the gNB having the remote UE present within the
coverage thereof (hereinafter, sometimes referred to as
gNB #2) may be the same or different. In such a situation,
it is also possible that the remote UE communicates via
the relay UE with the gNB having the relay UE present
within the coverage thereof.
[0143] For example, in a case where the remote UE
connected to gNB #2 is present at a coverage edge of
gNB #2, good communication quality may not be ob-
tained. In such a case, the remote UE can obtain better
communication quality by connecting to gNB #1 via the
relay UE. For example, in a case where radio wave prop-
agation loss between the remote UE and the relay UE is
smaller than radio wave propagation loss between the
remote UE and gNB #2, the remote UE requires less
transmission power when the remote UE communicates
with gNB #1 via the relay UE, and thus, it is possible to
achieve low power consumption.
[0144] In 3GPP, a method of handover (HO) of a re-
mote UE from a gNB to which the remote UE is directly
connected to a gNB to which the remote UE is indirectly
connected via a relay UE has been discussed (see Non
Patent Literature 26 (3GPP R2-2009145)). However, in
the HO to the gNB to which the remote UE is indirectly
connected via the relay UE, unlike the conventional HO
between the gNBs to which the remote UE is directly
connected, it is necessary to perform SL communication
(hereinafter, sometimes referred to as PC5 communica-
tion) between the remote UE and the relay UE.
[0145] In the PC5 communication, a transmission-side
UE (hereinafter, sometimes referred to as a UE-TX) per-
forms, for a reception-side UE (hereinafter, sometimes
referred to as a UE-RX), a configuration for communica-
tion in a direction from the UE-TX to the UE-RX. As the
configuration for communication in the direction from the
UE-TX to the UE-RX, for example, there is an RRC con-
figuration (see Non Patent Literature 19 (3GPP TS
38.331)). However, Non Patent Literature 19 and other
documents do not disclose any detailed configuration
method for the PC5 communication in HO from/to a gNB
to which a remote UE is indirectly connected via a relay
UE, in other words, in HO of a remote UE via a relay UE.
Therefore, it is not possible to perform HO of a remote
UE via a relay UE by simply applying the conventional
method, which is a problem.
[0146] The first embodiment discloses a method for
solving such a problem. In the following description, the
configuration for the PC5 communication is sometimes
referred to as a configuration necessary for the PC5 com-
munication, a PC5 communication configuration, or the
like.

[0147] In order to solve the above problem, in a com-
munication system according to the present embodi-
ment, a gNB as an HO destination (hereinafter, some-
times referred to as a T-gNB) notifies a remote UE of a
configuration necessary for the PC5 communication be-
tween the remote UE and a relay UE. In addition, the T-
gNB notifies the relay UE of the configuration necessary
for the PC5 communication between the remote UE and
the relay UE. The relay UE is a relay UE connected or
connectable to the T-gNB, and the remote UE is con-
nected to the T-gNB via the relay UE. The relay UE, in
other words, a relay UE as a connection destination is
herein sometimes referred to as relay UE #2. In addition,
a gNB to which the remote UE that performs HO is con-
nected before the start of the HO is sometimes referred
to as a gNB as an HO source or an S-gNB.
[0148] The T-gNB notifies the remote UE and relay UE
#2 of a configuration used for PC5 communication from
the remote UE to relay UE #2. A method for performing
a notification of a configuration used for PC5 communi-
cation from the remote UE to the relay UE will be dis-
closed.
[0149] The T-gNB notifies the remote UE of the con-
figuration used for the PC5 communication from the re-
mote UE to relay UE #2. The T-gNB may notify the remote
UE of the configuration via the S-gNB. In a case where
the S-gNB is connected to the remote UE via the relay
UE, the T-gNB may notify the remote UE of the configu-
ration via the S-gNB and the relay UE. In a case where
the remote UE is connected to the S-gNB via a relay UE,
the relay UE, in other words, the relay UE as a connection
source which is a relay UE to which the remote UE is
connected before the start of HO, is herein sometimes
referred to as relay UE #1. The T-gNB and the S-gNB
may be the same gNB. The HO may be HO between
different cells of the same gNB.
[0150] A configuration only for transmission (TX) in the
PC5 communication from the remote UE to relay UE #2
may be notifed to remote UE as the configuration which
the remote UE is to be notified of. A configuration for both
transmission (TX) and reception (RX) in the PC5 com-
munication from the remote UE to relay UE #2 may be
notifed to remote UE as the configuration which the re-
mote UE is to be notified of. These configurations may
be combined to perform a notification thereof.
[0151] The remote UE notifies relay UE #2 of the con-
figuration used for the PC5 communication from the re-
mote UE to relay UE #2. That is, the remote UE performs
a notification of the configuration received from the T-
gNB. The remote UE may perform a notification of the
configuration received via the S-gNB. The remote UE
may perform a notification of some or all of parameters
configured for the remote UE. The configuration for both
TX and RX in the PC5 communication from the remote
UE to relay UE #2 may be notifed to relay UE #2 as the
configuration which the remote UE notifies relay UE #2
of. The configuration only for TX in the PC5 communica-
tion from the remote UE to relay UE #2 need not be notifed
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to relay UE #2 as the configuration which the remote UE
notifies relay UE #2 of.
[0152] An interface between base stations may be
used for a notification from the T-gNB to the S-gNB. The
notification may be performed by using Xn signaling. The
notification may be performed, for example, by including
the configuration in a response message to an HO re-
quest. This eliminates the necessity of performing a no-
tification of Xn signaling separately, and thus, the amount
of signaling can be reduced. RRC signaling may be used
for a notification from the S-gNB to the remote UE. The
notification may be performed, for example, by including
the configuration in an RRCreconfiguration message.
This eliminates the necessity of performing a notification
of RRC signaling separately, and thus, the amount of
signaling can be reduced. In a case where the S-gNB is
connected to the remote UE via relay UE #1, the notifi-
cation from the S-gNB to the remote UE may be per-
formed via relay UE #1.
[0153] PC5-S signaling may be used for the notification
from the remote UE to relay UE #2. The notification may
be performed by including the configuration in a Direct
Communication Request message. The notification may
be performed by including the configuration in a security-
protected PC5-S message. As another method, RRC sig-
naling in SL may be used for the notification from the
remote UE to relay UE #2. The notification may be per-
formed by including the configuration in a PC5-RRC mes-
sage. The notification may be performed by including the
configuration in an RRCreconfigurationSidelink mes-
sage. As another method, the notification may be per-
formed by including the configuration in an RRC mes-
sage which the remote UE notifies the T-gNB of. The
notification may be performed by including the configu-
ration in an RRCreconfigurationcomplete message. Pref-
erably, relay UE #2 receives the message which the re-
mote UE notifies the T-gNB of to acquire the configura-
tion.
[0154] Eight examples of a configuration used for the
PC5 communication will be disclosed below.

(1) Configuration used for PC5-S link establishment.
(2) Configuration used for PC5-RRC signaling.
(3) Configuration used for PC5-S signaling.
(4) Configuration for sidelink radio bearer (SLRB).
(5) Configuration for mapping of SLRB and Uu RB.
(6) Configuration for CH in SL.
(7) Information about a UE to be a target of the PC5
communication.
(8) A combination of (1) to (7).

[0155] Three examples will be disclosed below as (4)
configuration for SLRB.

(4-1) Configuration for SL signaling radio bearer
(SRB) .
(4-2) Configuration for SL data radio bearer (DRB).
(4-3) A combination of (4-1) and (4-2).

[0156] Five examples will be disclosed below as (4-1)
configuration for SL SRB.

(4-1-1) Configuration for SL SRB0.
(4-1-2) Configuration for SL SRB1.
(4-1-3) Configuration for SL SRB2.
(4-1-4) Configuration for SL SRB3.
(4-1-5) A combination of (4-1-1) to (4-1-4).

[0157] A DC using the relay UE may be configured.
For example, in a case where the DC using the relay UE
is configured, (4-1-4) configuration for SL SRB3 may be
performed.
[0158] As the SL DRB, a default DRB configured in
advance may be provided. (4-2) Configuration for SL
DRB may be a configuration for the default DRB. The
configuration for SL DRB may be a configuration as to
whether to use the default DRB. Consequently, the SL
DRB suitable for services can be configured later. In ad-
dition, the default DRB can be used before the SL DRB
suitable for services is configured. The SL DRB can be
flexibly configured.
[0159] (5) Configuration for mapping of SLRB and Uu
RB may be a configuration for mapping of the SLRB used
between the remote UE and the relay UE and the Uu RB
used between the relay UE and the gNB in communica-
tion between the remote UE and the gNB.
[0160] Three examples will be disclosed below as (6)
configuration for CH in SL.

(6-1) Configuration for SCCH.
(6-2) Configuration for STCH.
(6-3) A combination of (6-1) and (6-2).

[0161] (7) Information about a UE to be a target of the
PC5 communication may be, for example, information
about a UE to be a transmission destination of the PC5
communication. The information may be information
about a UE as a transmission source of the PC5 com-
munication. The information about a UE may be, for ex-
ample, a UE identifier. The UE identifier may be, for ex-
ample, an L2 ID. The information about a UE as a trans-
mission destination of the PC5 communication may be,
for example, a destination L2 ID. The information about
a UE as a transmission source of the PC5 communication
may be, for example, a source L2 ID.
[0162] Thus, the remote UE can acquire, from the T-
gNB, the configuration used for the PC5 communication
from the remote UE to relay UE #2. Relay UE #2 can
acquire, from the T-gNB, the configuration used for the
PC5 communication from the remote UE to relay UE #2.
[0163] Another method for performing a notification of
the configuration used for the PC5 communication from
the remote UE to the relay UE will be disclosed. The T-
gNB notifies the remote UE of the configuration used for
the PC5 communication from the remote UE to relay UE
#2. As this method, it is preferable to appropriately apply
the method disclosed above. The remote UE can acquire,
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from the T-gNB, the configuration used for the PC5 com-
munication between the remote UE and relay UE #2.
[0164] The T-gNB may notify relay UE #2 of the con-
figuration used for the PC5 communication from the re-
mote UE to relay UE #2. The T-gNB may perform a no-
tification of some or all of parameters configured for the
remote UE. The configuration for both TX and RX in the
PC5 communication from the remote UE to relay UE #2
may be notifed to relay UE #2 as the configuration which
the T-gNB notifies relay UE #2 of. The configuration only
for TX in the PC5 communication from the remote UE to
relay UE #2 need not be notifed to relay UE #2 as the
configuration which the T-gNB notifies relay UE #2 of.
The notification from the T-gNB to relay UE #2 may be
performed by using a Uu interface between the T-gNB
and relay UE #2. The notification may be performed by
using RRC signaling. The notification may be performed,
for example, by including the configuration in an RR-
Creconfiguration message. The notification may be per-
formed, for example, by including the configuration in a
message for requesting relay between the remote UE
and the gNB. Alternatively, an RRC message may be
newly provided for the notification of the configuration.
[0165] Thus, relay UE #2 can acquire, from the T-gNB,
the configuration used for the PC5 communication from
the remote UE to relay UE #2. In addition, since the no-
tification from the remote UE to relay UE #2 is unneces-
sary, it is possible to perform the configuration at an early
stage. Furthermore, since the necessity of performing
communication between the remote UE and relay UE #2
for the configuration is eliminated, SL SRB0 between the
remote UE and relay UE #2 can be configured.
[0166] The T-gNB notifies the remote UE and relay UE
#2 of a configuration used for PC5 communication from
relay UE #2 to the remote UE. A method for performing
a notification of the configuration used for the PC5 com-
munication from relay UE #2 to the remote UE will be
disclosed.
[0167] The T-gNB notifies the remote UE of the con-
figuration used for the PC5 communication from relay
UE #2 to the remote UE. As a notification method, it is
preferable to appropriately apply the method for perform-
ing a notification of the configuration used for the PC5
communication from the remote UE to relay UE #2 dis-
closed above. A configuration for both TX and RX in the
PC5 communication from relay UE #2 to the remote UE
may be notifed to remote UE as the configuration which
the remote UE is to be notified of. A configuration only
for TX in the PC5 communication from relay UE #2 to the
remote UE may be notifed to remote UE as the configu-
ration which the remote UE is to be notified of. These
configurations may be combined to perform a notification
thereof.
[0168] The remote UE may notify relay UE #2 of the
configuration used for the PC5 communication from relay
UE #2 to the remote UE. In that case, the remote UE
performs a notification of the configuration received from
the T-gNB. The remote UE may perform a notification of

the configuration received via the S-gNB. The configu-
ration for both TX and RX in the PC5 communication from
relay UE #2 to the remote UE may be notifed to relay UE
#2 as the configuration which the remote UE notifies relay
UE #2 of. The configuration only for TX in the PC5 com-
munication from relay UE #2 to the remote UE may be
notifed to relay UE #2 as the configuration which the re-
mote UE notifies relay UE #2 of. These configurations
may be combined to perform a notification thereof. As a
notification method, it is preferable to appropriately apply
the method for performing a notification of the configu-
ration used for the PC5 communication from the remote
UE to relay UE #2 disclosed above.
[0169] Thus, the remote UE can acquire, from the T-
gNB, the configuration used for the PC5 communication
from relay UE #2 to the remote UE. Relay UE #2 can
acquire, from the T-gNB, the configuration used for the
PC5 communication from relay UE #2 to the remote UE.
[0170] Another method for performing a notification of
the configuration used for the PC5 communication from
relay UE #2 to the remote UE will be disclosed. As a
method for performing a notification from the T-gNB to
the remote UE, it is preferable to appropriately apply the
method for performing a notification of the configuration
used for the PC5 communication from the remote UE to
relay UE #2 disclosed above. Some or all of parameters
to be configured for relay UE #2 from the T-gNB to be
described later may be notifed to remote UE as the con-
figuration which the remote UE is to be notified of. The
configuration for both TX and RX in the PC5 communi-
cation from relay UE #2 to the remote UE may be notifed
to remote UE as the configuration which the remote UE
is to be notified of. The configuration only for transmission
TX in the PC5 communication from relay UE #2 to the
remote UE need not be notifed to remote UE as the con-
figuration which the remote UE is to be notified of. Thus,
the remote UE can acquire, from the T-gNB, the config-
uration used for the PC5 communication from relay UE
#2 to the remote UE.
[0171] The T-gNB notifies relay UE #2 of the configu-
ration used for the PC5 communication from relay UE #2
to the remote UE. The configuration for both TX and RX
in the PC5 communication from relay UE #2 to the remote
UE may be notifed to relay UE #2 as the configuration
which the T-gNB notifies relay UE #2 of. The configura-
tion only for TX in the PC5 communication from relay UE
#2 to the remote UE may be notifed to relay UE #2 as
the configuration which the T-gNB notifies relay UE #2
of. These configurations may be combined to perform a
notification thereof. As a method for performing a notifi-
cation from the T-gNB to relay UE #2, it is preferable to
appropriately apply the method for performing a notifica-
tion of a configuration necessary for the PC5 communi-
cation from the remote UE to relay UE #2 disclosed
above.
[0172] Thus, relay UE #2 can acquire, from the T-gNB,
the configuration used for the PC5 communication from
relay UE #2 to the remote UE. In addition, since the no-
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tification from relay UE #2 to the remote UE is unneces-
sary, it is possible to perform the configuration at an early
stage. Furthermore, since the necessity of performing
communication between relay UE #2 and the remote UE
for the configuration is eliminated, SL SRB0 between re-
lay UE #2 and the remote UE can be configured.
[0173] Another method for performing a notification
from the T-gNB to the remote UE of the configuration
used for the PC5 communication from relay UE #2 to the
remote UE will be disclosed. The T-gNB notifies relay
UE #2 of the configuration used for the PC5 communi-
cation from relay UE #2 to the remote UE. As the notifi-
cation method, it is preferable to appropriately apply the
notification method disclosed above. Relay UE #2 noti-
fies the remote UE of the configuration used for the PC5
communication from relay UE #2 to the remote UE. Relay
UE #2 performs a notification of the configuration re-
ceived from the T-gNB. The configuration for both TX
and RX in the PC5 communication from relay UE #2 to
the remote UE may be notifed to remote UE as the con-
figuration which relay UE #2 notifies the remote UE of.
The configuration only for TX in the PC5 communication
from relay UE #2 to the remote UE need not be notifed
to relay UE #2 as the configuration which the remote UE
notifies relay UE #2 of.
[0174] PC5-S signaling may be used for the notification
from relay UE #2 to the remote UE. The notification may
be performed by including the configuration in a Direct
Communication Request message. The notification may
be performed by including the configuration in a security-
protected PC5-S message. As another method, RRC sig-
naling in SL may be used for the notification from relay
UE #2 to the remote UE. The notification may be per-
formed by including the configuration in a PC5-RRC mes-
sage. The notification may be performed by including the
configuration in an RRCreconfigurationSidelink mes-
sage. As another method, the notification may be per-
formed by including the configuration in an RRC mes-
sage which the T-gNB notifies the remote UE, via relay
UE #2, of. The notification may be performed by including
the configuration in an RRCreconfiguration message.
[0175] Thus, the remote UE can acquire, from the T-
gNB, the configuration used for the PC5 communication
from relay UE #2 to the remote UE.
[0176] The method for performing a notification of the
configuration used for the PC5 communication from the
remote UE to relay UE #2 and the method for performing
a notification of the configuration used for the PC5 com-
munication from relay UE #2 to the remote UE may be
appropriately combined and used. Thus, a notification of
the configuration used for bilateral PC5 communication
between the remote UE and relay UE #2 can be per-
formed. Each of the remote UE and relay UE #2 can
acquire the configuration used for the bilateral PC5 com-
munication between the remote UE and relay UE #2.
[0177] FIG. 14 is a sequence diagram illustrating an
example of a method of HO of a remote UE via a relay
UE in the first embodiment. In step ST1401, the remote

UE performs data communication with an S-gNB and a
CN. An example of the CN is a UPF. In step ST1402, the
S-gNB notifies the remote UE of a measurement config-
uration. As the measurement configuration, a DL meas-
urement configuration and an SL measurement config-
uration may be combined. A gNB and a UE may be com-
bined and employed as a measurement target. The DL
measurement configuration is employed for the gNB, and
the SL measurement configuration is employed for the
UE. For the DL measurement configuration and the SL
measurement configuration, different frequencies may
be configured, or the same frequency may be configured.
DL measurement and SL measurement may be each
performed at the configured frequency. The remote UE
performs measurement in accordance with the measure-
ment configuration received from the S-gNB.
[0178] In step ST1403, the remote UE performs a dis-
covery process in order to detect the relay UE. Through
the discovery process, the remote UE detects the relay
UE connectable to the gNB. The discovery process may
be performed on a UE regarded as a subject of a report
in the measurement configuration. The discovery proc-
ess may be performed before the SL measurement, and
the SL measurement may be performed on the relay UE
detected in the discovery process.
[0179] The relay UE may notify the remote UE of in-
formation about the relay UE, information on the gNB as
a connection destination of the relay UE, state informa-
tion of the relay UE, information indicating whether the
relay UE is capable of relaying, and the like. An identifier
of the relay UE may be used as the information about
the relay UE. An identifier of the gNB may be used as
the information on the gNB as the connection destination
of the relay UE. The state information of the relay UE
may be an RRC-connected state to the gNB or a con-
nection management (CM) connected state to the CN.
Information about services may be included as the infor-
mation indicating whether the relay UE is capable of re-
laying. The information about services may be, for ex-
ample, information indicating services that can be re-
layed.
[0180] The relay UE may notify the remote UE of the
information in the discovery process. The relay UE may
notify the remote UE of the information by PC5-S sign-
aling. Alternatively, the relay UE may notify the remote
UE of the information by PC5-RRC signaling. This is ef-
fective in a case where PC5 connection is established
between the remote UE and the relay UE, for example,
in a case where a PC5 connection establishment process
is performed subsequent to the discovery process. As
another method, the relay UE may broadcast the infor-
mation. The remote UE preferably receives the informa-
tion broadcast from the relay UE.
Thus, the remote UE can acquire the information.
[0181] In step ST1404, the remote UE reports a meas-
urement result to the S-gNB. A DL measurement result
and an SL measurement result may be combined and
reported. The report of the SL measurement result may
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be performed to the relay UE detected in the discovery
process. The DL measurement result and the SL meas-
urement result are included in a measurement report
message. As the SL measurement result, information
about the relay UE as a target, information on the gNB
to which the relay UE is connected, state information of
the relay UE, information indicating whether the relay UE
is capable of relaying, and the like may be included. Thus,
the S-gNB can acquire the measurement result of the
relay UE performed by the remote UE.
[0182] In step ST1405, the S-gNB determines HO of
the remote UE. The S-gNB preferably determines the
HO of the remote UE by using the measurement result,
the information about the relay UE, the information on
the gNB to which the relay UE is connected, the state
information of the relay UE, the information indicating
whether the relay UE is capable of relaying, and the like.
Here, it is determined to change a connection destination
of the remote UE from the S-gNB to the relay UE. The
S-gNB determines to set, as the HO destination, the T-
gNB connected to the relay UE.
[0183] In step ST1406, the S-gNB notifies the T-gNB
of an HO request of the remote UE. An HO request mes-
sage may include information about the remote UE, for
example, an identifier of the remote UE and a context of
the remote UE. The HO request message may include
information about the relay UE to be a connection desti-
nation, for example, an identifier of the relay UE and in-
formation indicating whether the relay UE is capable of
relaying. Thus, the T-gNB can acquire information about
the remote UE to be an HO target and the relay UE to
be the connection destination.
[0184] The T-gNB that has received, from the S-gNB,
the information about the remote UE to be the HO target
and the relay UE to be the connection destination per-
forms HO acceptance control on the remote UE. In the
HO acceptance control, the T-gNB determines whether
HO can be accepted via a relay connected to the remote
UE, and performs an RRC configuration of the remote
UE in the T-gNB. The T-gNB may perform a configuration
for the PC5 communication between the remote UE and
the relay UE. The RRC configuration may be performed
as the PC5 communication configuration. Thus, the T-
gNB can notify the remote UE and the relay UE of the
PC5 communication configuration.
[0185] The configuration for the PC5 communication
between the remote UE and the relay UE may be per-
formed after a relay response from the relay UE de-
scribed later is received. In a case of notifying the relay
UE of the configuration, it is preferable to use a method
such as a method in which the T-gNB performs the no-
tification via the S-gNB and the remote UE, or a method
in which the T-gNB directly notifies the relay UE of the
configuration separately from the HO request message.
Thus, the T-gNB can perform the PC5 communication
configuration by using the relay response from the relay
UE.
[0186] In step ST1407, the T-gNB notifies the relay UE

to be the connection destination of the remote UE as the
HO target of a relay request message. The relay request
message may include information about the remote UE.
The relay request message may include information
about the relay UE. Information indicating whether the
relay UE is capable of relaying may be included. Infor-
mation about services may be included. In addition, the
relay request message may include information indicat-
ing the content of the PC5 communication configuration
configured by the T-gNB (hereinafter, described as the
PC5 communication configuration information). The PC5
communication configuration information is an example
of communication configuration information indicating
the content of the configuration for the remote UE and
the relay UE to perform terminal-to-terminal communica-
tion, that is, PC5 communication. In the example in FIG.
14, the T-gNB includes the PC5 communication config-
uration information for communication from the relay UE
to the remote UE in the relay request message and no-
tifies the relay UE of the relay request message. The
relay UE that has received the notification performs con-
nection-acceptance control of the remote UE to be the
HO target. In the connection-acceptance control of the
remote UE, the relay UE determines whether it is possible
to connect to the remote UE. That is, the relay UE deter-
mines whether it is possible to connect to the remote UE,
i.e., whether it is possible to perform relay thereto. In step
ST1408, the relay UE notifies the T-gNB of a relay re-
sponse message. The relay response message may in-
clude information about the remote UE, information about
the relay UE, information indicating whether the relay UE
is capable of relaying to the remote UE to be the HO
target. The relay response message may include infor-
mation indicating that the PC5 communication configu-
ration has been completed. In the example in FIG. 14,
an acknowledgment is provided as the relay response
message.
[0187] In step ST1407, the T-gNB may notify the relay
UE to be the connection destination of the remote UE as
the HO target of information about a configuration of ad-
aptation layers. The T-gNB may include the information
in the relay request message to perform a notification of
the relay request message. It is preferable to appropri-
ately apply the method for performing a notification of the
PC5 communication configuration information from the
T-gNB to the relay UE to be the connection destination
of the remote UE as the HO target disclosed above. The
information about the configuration of adaptation layers
may be information about a configuration of adaptation
layers between the remote UE and the relay UE and/or
information about a configuration of adaptation layers be-
tween the relay UE and the T-gNB, which are used for
communication between the remote UE and the T-gNB.
The relay UE that has received the information about the
configuration of adaptation layers can perform the con-
figuration of adaptation layers. The relay UE may include
information indicating that the configuration of adaptation
layers has been completed in the relay response mes-
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sage to be transmitted in step 1408. Thus, the T-gNB
can recognize that the configuration of adaptation layers
has been completed for the relay UE.
[0188] In step ST1409, the T-gNB notifies the S-gNB
of an HO request response message. In the example in
FIG. 14, an acknowledgment is provided as the HO re-
quest response message. The HO request response
message may include information about the remote UE.
The HO request response message may include infor-
mation about the relay UE. Information indicating wheth-
er the relay UE is capable of relaying may be included.
The HO request response message may include the
RRC configuration for communication with the T-gNB
configured by the T-gNB for the remote UE. The HO re-
quest response message may include the PC5 commu-
nication configuration information configured by the T-
gNB. In the example in FIG. 14, the T-gNB includes the
PC5 communication configuration information for com-
munication from the remote UE to the relay UE in the HO
request response message and notifies the S-gNB of the
HO request response message.
[0189] In step ST1409, the T-gNB may notify the S-
gNB of information about the configuration of adaptation
layers used for the communication between the remote
UE and the T-gNB. The notification may be performed
by including the information in the HO request response
message. It is preferable to appropriately apply, to the
notification, the method for performing a notification of
the PC5 communication configuration information from
the T-gNB to the S-gNB disclosed above. The information
about the configuration of adaptation layers between the
remote UE and the relay UE and/or the information about
the configuration of adaptation layers between the relay
UE and the T-gNB, which are used for the communication
between the remote UE and the T-gNB, may be provided
as the information about the configuration of adaptation
layers.
[0190] In step ST1410, the S-gNB notifies the remote
UE as the HO target of an RRC message for changing
the RRC configuration (which may be an HO instruction)
to the T-gNB. The S-gNB performs the notification of the
message via the relay UE. An RRCReconfiguration mes-
sage may be used as the RRC message. The RRC mes-
sage may include information about the remote UE. The
RRC message may include information about the relay
UE to be the connection destination. The RRC message
may include information about the T-gNB to be an HO
destination. The RRC message may include an RRC
configuration of the remote UE for communication with
the T-gNB configured by the T-gNB. Thus, the remote
UE can receive the RRC configuration configured by the
T-gNB. The RRC message may include the PC5 com-
munication configuration information. Thus, the remote
UE can receive the PC5 communication configuration
information for communication with the relay UE. In the
example in FIG. 14, a notification of the PC5 communi-
cation configuration information for communication from
the remote UE to the relay UE is performed.

[0191] In step ST1410, the S-gNB may notify the re-
mote UE of the information about the configuration of
adaptation layers used for the communication between
the remote UE and the T-gNB. The notification may be
performed by including the information in an RRC con-
figuration change message. It is preferable to appropri-
ately apply, to the notification, the method for performing
a notification of the PC5 communication configuration
information from the S-gNB to the remote UE disclosed
above. The information about the configuration of adap-
tation layers between the remote UE and the relay UE
and/or the information about the configuration of adap-
tation layers between the relay UE and the T-gNB, which
are used for the communication between the remote UE
and the T-gNB, may be provided as the information about
the configuration of adaptation layers.
[0192] In a case where the remote UE is connected to
the S-gNB via the relay UE (relay UE #1), the S-gNB may
notify the remote UE, via the relay UE, of the information
about the configuration of adaptation layers used for the
communication between the remote UE and the T-gNB.
[0193] Thus, the remote UE can receive the informa-
tion about the configuration of adaptation layers used for
the communication between the remote UE and the T-
gNB, and can perform the configuration of adaptation
layers.
[0194] In step ST1411, the remote UE establishes the
PC5 connection to the relay UE as a connection desti-
nation. The remote UE notifies the relay UE of the PC5
communication configuration information for communi-
cation from the remote UE to the relay UE in a PC5 con-
nection establishment process. The relay UE notifies the
remote UE of the PC5 communication configuration in-
formation for communication from the relay UE to the
remote UE in the PC5 connection establishment process.
Thus, the PC5 communication can be performed be-
tween the remote UE and the relay UE. In addition, data
communication over PC5 can be performed between the
remote UE and the relay UE.
[0195] In step ST1410, the S-gNB may notify the re-
mote UE of the information about the configuration of
adaptation layers used for the communication between
the remote UE and the T-gNB. The notification may be
performed by including the information in an RRC con-
figuration change message. It is preferable to appropri-
ately apply, to the notification, the method for performing
a notification of the PC5 communication configuration
information from the S-gNB to the remote UE disclosed
above. The information about the configuration of adap-
tation layers between the remote UE and the relay UE
and/or the information about the configuration of adap-
tation layers between the relay UE and the T-gNB, which
are used for the communication between the remote UE
and the T-gNB, may be provided as the information about
the configuration of adaptation layers.
[0196] In a case of receiving, from the S-gNB, the RRC
message for changing the RRC configuration to the T-
gNB in step ST1410, the remote UE stops the commu-
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nication with the S-gNB. The configuration for communi-
cation with the S-gNB may be released. Although not
illustrated in the example in FIG. 14, in a case where the
remote UE is connected to the S-gNB via the relay UE,
communication with the relay UE is stopped. The config-
uration for the PC5 communication with the relay UE may
be released. Thus, the remote UE can perform a PC5
connection process to the relay UE as the connection
destination and an RRC connection process to the T-
gNB via the relay UE at an early stage.
[0197] In a case of establishing the PC5 connection to
the relay UE as the connection destination in step
ST1411, the remote UE may stop the communication
with the S-gNB. The configuration for communication
with the S-gNB may be released. In the case where the
remote UE is connected to the S-gNB via the relay UE,
communication with the relay UE may be stopped. The
configuration for the PC5 communication with the relay
UE may be released. Thus, the remote UE can perform
the RRC connection process with the T-gNB via the relay
UE after securely establishing the PC5 connection to the
relay UE as the connection destination.
[0198] In step ST1411, the remote UE may notify the
relay UE of the information about the configuration of
adaptation layers used for the communication between
the remote UE and the T-gNB. It is preferable to appro-
priately apply, to the notification, the method for perform-
ing a notification of the PC5 communication configuration
information from the remote UE to the relay UE disclosed
above. The information about the configuration of adap-
tation layers between the remote UE and the relay UE
and/or the information about the configuration of adap-
tation layers between the relay UE and the T-gNB, which
are used for the communication between the remote UE
and the T-gNB, may be provided as the information about
the configuration of adaptation layers. The relay UE that
has received the information about the configuration of
adaptation layers used for the communication between
the remote UE and the T-gNB can perform the configu-
ration of adaptation layers.
[0199] In a case where the remote UE has established
the PC5 connection to the relay UE as the connection
destination in step ST1411, direct connection of the re-
mote UE to the S-gNB may be used as a condition for
stopping the communication with the S-gNB. Thus, the
remote UE does not need to perform a connection proc-
ess to both the relay UE as a connection source and the
relay UE as the connection destination. In addition, the
configuration of the remote UE can be simplified. Fur-
thermore, it is possible to avoid complication of an HO
process of the remote UE.
[0200] In step ST1412, the remote UE notifies the T-
gNB of RRC configuration complete via the relay UE as
the connection destination. The notification may be per-
formed by using RRC signaling between the remote UE
and the T-gNB. An RRCReconfigurationcomplete mes-
sage may be used. Thus, the T-gNB can recognize that
the remote UE has performed the RRC configuration and

the RRC connection has been made via the relay UE.
Consequently, communication between the remote UE
and the T-gNB can be performed via the relay UE.
[0201] The T-gNB that has received the RRC config-
uration complete message from the remote UE performs
a path switch process on the remote UE between the CN
and the T-gNB in step ST1413. Thus, the path switch
process from the S-gNB to the T-gNB can be performed
on the remote UE. In addition, a UPF of the CN can trans-
mit, to the T-gNB, DL data directed to the remote UE.
Furthermore, data communication between the remote
UE and the UPF can be performed via the T-gNB and
the relay UE.
[0202] The T-gNB may include information about the
remote UE in a path switch request message to an AMF
of the CN. It is preferable to include information about
communication of the remote UE in the path switch re-
quest message. Information indicating whether the com-
munication is performed via the relay UE may be included
as the information about the communication of the re-
mote UE. Information about the relay UE may be includ-
ed. The information may be included in a switch request
message which the AMF notifies the UPF of in the CN.
In addition, the information may be included in a path
switch request response message from the UPF to the
AMF. Furthermore, the information may be included in a
path switch request response message from the AMF to
the T-gNB. A notification of the path switch request mes-
sage and the path switch request response message be-
tween the AMF and the UPF may be performed via an
SMF.
[0203] In step ST1414, the T-gNB notifies the S-gNB
of release of the context of the remote UE. Thus, the S-
gNB can release the context of the remote UE.
[0204] In a case where the S-gNB receives the release
of the UE context from the T-gNB when the remote UE
is connected to the S-gNB via the relay UE, the S-gNB
may notify the relay UE as the connection source of the
release of the context of the remote UE. The relay UE
as the connection source that has received the notifica-
tion can release the context of the remote UE. In a case
of receiving the release of the UE context from the T-
gNB, the S-gNB may notify the relay UE as the connec-
tion source of the stop of communication with the remote
UE. The notification of the stop of communication may
be performed by RRC signaling. The communication stop
message may include information about the remote UE.
The communication stop message may include cause
information of the stop of communication. For example,
information indicating that communication is stopped by
HO may be included as the cause information. The relay
UE that has received the communication stop message
regarding the remote UE from the S-gNB stops relay
communication between the remote UE and the S-gNB.
A configuration for the relay communication between the
remote UE and the S-gNB may be released. For example,
the PC5 communication configuration may be released.
Thus, in a case where the relay UE as the connection
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destination of the remote UE is changed, it is possible to
avoid unnecessary continuation of a relay process per-
formed by the relay UE. In addition, the power consump-
tion of the relay UE can be reduced.
[0205] After the path switch process is completed, in
step ST1415, data communication can be performed
among the remote UE, the relay UE as the connection
destination, the T-gNB, and the CN.
[0206] Thus, HO of the remote UE via the relay UE can
be performed. In addition, the remote UE can change a
connection destination of the gNB while maintaining the
RRC connection. Furthermore, a communication service
can be continued even when the connection destination
of the gNB is changed by the remote UE.
[0207] FIG. 15 is a sequence diagram illustrating an-
other example of the method of the HO of the remote UE
via the relay UE in the first embodiment. In FIG. 15, steps
common to those in FIG. 14 are denoted by the same
step numbers as those therein, and a common descrip-
tion will be omitted. In the example in FIG. 15, a method
for performing the configuration for the PC5 communica-
tion between the remote UE and the relay UE is different
from that in the example in FIG. 14. In the example in
FIG. 15, regarding the PC5 communication configuration
information for communication between the remote UE
and the relay UE, a notification of the configuration for
the relay UE is directly performed from the T-gNB to the
relay UE, and a notification of the configuration for the
remote UE is performed from the T-gNB via the S-gNB.
In step ST1507, the T-gNB notifies the relay UE of the
PC5 communication configuration information for com-
munication from the remote UE to the relay UE and the
PC5 communication configuration information for com-
munication from the relay UE to the remote UE. Thus,
the relay UE can receive the PC5 communication con-
figuration information for communication from the remote
UE to the relay UE and the PC5 communication config-
uration information for communication from the relay UE
to the remote UE. In step ST1509, the T-gNB notifies the
S-gNB of the PC5 communication configuration informa-
tion for communication from the remote UE to the relay
UE and the PC5 communication configuration informa-
tion for communication from the relay UE to the remote
UE. In step ST1510, the S-gNB notifies the remote UE
of the PC5 communication configuration information for
communication from the remote UE to the relay UE and
the PC5 communication configuration information for
communication from the relay UE to the remote UE. Thus,
the remote UE can receive the PC5 communication con-
figuration information for communication from the remote
UE to the relay UE and the PC5 communication config-
uration information for communication from the relay UE
to the remote UE.
[0208] Such a method as in the example in FIG. 15
eliminates the necessity of a notification of the PC5 com-
munication configuration information from the relay UE
as the connection destination to the remote UE or a no-
tification of the PC5 communication configuration infor-

mation from the remote UE to the relay UE as the con-
nection destination, and thus it is possible to perform the
configuration at an early stage. In addition, since the ne-
cessity of performing communication between the relay
UE as the connection destination and the remote UE for
the configuration is eliminated, SL SRB between the relay
UE and the remote UE can be configured. For example,
the configuration can be performed from SL SRBO.
[0209] Thus, the remote UE and relay UE #2 can ac-
quire the configuration used for the PC5 communication
between the remote UE and relay UE #2, so that it is
possible to perform the PC5 communication between the
remote UE and relay UE #2. Therefore, the remote UE
can be connected to the T-gNB via relay UE #2, and the
remote UE can communicate with the T-gNB via relay
UE #2. Therefore, HO of the remote UE from the S-gNB
to the T-gNB can be performed. HO to the gNB to which
the remote UE is indirectly connected via the relay UE,
in other words, HO of the remote UE via the relay UE
can be performed, and thus the continuity of services is
obtained.

First Modification of First Embodiment.

[0210] A configuration of a DRB in communication be-
tween the remote UE and the gNB via the relay UE is a
configuration via the relay UE. However, Non Patent Lit-
eratures 1 to 27 and other documents do not disclose
any configuration of the DRB via the relay UE. Therefore,
there arises a problem that communication cannot be
performed between the remote UE and the gNB via the
relay UE. In addition, there is no disclosure about the
handling of the configuration of the DRB in communica-
tion between the remote UE and the S-gNB in HO of the
remote UE via the relay UE.
[0211] A first modification of the first embodiment dis-
closes a method for solving such a problem.
[0212] In order to solve the above problem, in the com-
munication system according to the present embodi-
ment, the S-gNB notifies the T-gNB of information about
a configuration of the DRB between the remote UE and
relay UE #1 used for communication between the remote
UE and the S-gNB via relay UE #1. The S-gNB may notify
the T-gNB of information about, out of the configuration
of the DRB used for the communication between the re-
mote UE and the S-gNB via relay UE #1, a configuration
of the DRB between the remote UE and relay UE #1. The
S-gNB may notify the T-gNB of QoS flow to DRB mapping
information between the remote UE and relay UE #1 used
for the communication between the remote UE and the
S-gNB via relay UE #1. The S-gNB may notify the T-gNB
of QoS flow to DRB mapping information used for the
communication between the remote UE and the S-gNB
via relay UE #1.
[0213] The S-gNB may notify the T-gNB of information
about a configuration of the DRB between relay UE #1
and the S-gNB used for the communication between the
remote UE and the S-gNB via relay UE #1. The S-gNB
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may notify the T-gNB of information about, out of the
configuration of the DRB used for the communication be-
tween the remote UE and the S-gNB via relay UE #1, a
configuration of the DRB between relay UE #1 and the
S-gNB. The S-gNB may notify the T-gNB of QoS flow to
DRB mapping information between relay UE #1 and the
S-gNB used for the communication between the remote
UE and the S-gNB via relay UE #1.
[0214] Thus, the T-gNB can acquire information about
the configuration of the DRB used for the communication
between the remote UE and the S-gNB via relay UE #1.
[0215] A method for configuring the DRB between the
remote UE and the gNB via the relay UE will be disclosed.
The S-gNB may perform a configuration of the DRB be-
tween the remote UE and the S-gNB via relay UE #1.
The S-gNB may perform the configuration of the DRB
between the remote UE and relay UE #1 and the config-
uration of the DRB between relay UE #1 and the S-gNB.
The S-gNB may perform the configuration between the
remote UE and relay UE #1, and the configuration be-
tween relay UE #1 and the S-gNB of the DRB between
the remote UE and the S-gNB via relay UE #1. As the
configuration of the DRB between the remote UE and
the gNB via the relay UE, the configuration for commu-
nication from the remote UE to the S-gNB and the con-
figuration for communication from the S-gNB to the re-
mote UE may be separated. The S-gNB may perform the
configuration of communication in each direction. Al-
though described as S-gNB above, the gNB is not par-
ticularly limited to the S-gNB which is a gNB as an HO
source. The above may be applied to a case where com-
munication is performed between the remote UE and the
gNB via the relay UE.
[0216] Thus, the S-gNB can perform both the config-
uration between the remote UE and relay UE #1, and the
configuration between relay UE #1 and the S-gNB in the
configuration between the remote UE and the S-gNB via
relay UE #1. It is possible to make the configuration suit-
able for the communication between the remote UE and
the S-gNB by using both the configurations. In addition,
the S-gNB can recognize both the configurations.
[0217] Another method will be disclosed. Relay UE #1
may perform a configuration of a DRB for communication
from relay UE #1 to the remote UE in the communication
between the remote UE and the S-gNB via relay UE #1.
Relay UE #1 may perform a configuration of a DRB for
communication from the remote UE to relay UE #1 in the
communication between the remote UE and the S-gNB
via relay UE #1. The S-gNB performs a configuration of
a DRB for communication between relay UE #1 and the
S-gNB in the communication between the remote UE and
the S-gNB via relay UE #1. Although described as S-gNB
above, the gNB is not particularly limited to the S-gNB
which is a gNB as an HO source. The above may be
applied to a case where communication is performed be-
tween the remote UE and the gNB via the relay UE.
[0218] Thus, relay UE #1 and the remote UE can per-
form the configuration between the remote UE and relay

UE #1 in the communication between the remote UE and
the S-gNB via relay UE #1. Relay UE #1 and the remote
UE can make the configuration suitable for communica-
tion between the remote UE and relay UE #1 in consid-
eration of a radio wave propagation state between the
remote UE and relay UE #1, a radio resource usage in
each UE, and the like.
[0219] Relay UE #1 may notify the S-gNB of the con-
figuration of the DRB for the communication from relay
UE #1 to the remote UE. The remote UE may notify relay
UE #1 of the configuration of the DRB for the communi-
cation from the remote UE to relay UE #1. Relay UE #1
may notify the S-gNB of the configuration. Thus, the S-
gNB can recognize the configuration between the remote
UE and relay UE #1 in the communication between the
remote UE and the S-gNB via relay UE #1.
[0220] Thus, the S-gNB can notify the T-gNB of the
information about the configuration of the DRB used for
the communication between the remote UE and the S-
gNB via relay UE #1.
[0221] Examples of the information about the configu-
ration of the DRB include information for identifying the
DRB, configuration information of each protocol stack,
information on a logical channel, information on an RLC
channel, and information about an RLC bearer. Informa-
tion about a QoS flow and/or the QoS flow to DRB map-
ping information may be included in the information about
the configuration of the DRB.
[0222] The communication between the remote UE
and the gNB via the relay UE requires, at the relay UE,
mapping of the DRB between the remote UE and the
relay UE and the DRB between the relay UE and the
remote UE. In the HO of the remote UE via the relay UE,
the S-gNB notifies the T-gNB of information about the
configuration of the DRB between the remote UE and
relay UE #1 and information about a mapping configura-
tion of the DRB between relay UE #1 and the S-gNB,
which are used for the communication between the re-
mote UE and the S-gNB. A DRB mapping method may
be a method in which mapping is performed by using an
identifier of the DRB. The information about the mapping
configuration of the DRB may be information on mapping
by the DRB identifier. The S-gNB may notify the T-gNB
of the information about the configuration of the DRB
disclosed above and the information on mapping by the
DRB identifier in association with each other.
[0223] A mapping method may be a method in which
mapping is performed by using an identifier of the RLC
channel. The information about the mapping configura-
tion may be information on mapping by the RLC channel
identifier. The S-gNB may notify the T-gNB of the infor-
mation about the configuration of the DRB disclosed
above and the information on mapping by the RLC chan-
nel identifier in association with each other. The mapping
method may be a method in which mapping is performed
by using an identifier of the logical channel. The informa-
tion about the mapping configuration may be information
on mapping by the logical channel identifier. The S-gNB
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may notify the T-gNB of the information about the con-
figuration of the DRB disclosed above and the informa-
tion on mapping by the logical channel identifier in asso-
ciation with each other.
[0224] The S-gNB may notify the T-gNB of the QoS
flow to DRB mapping information between the remote
UE and the S-gNB and DRB mapping information in the
relay UE in association with each other. The S-gNB may
notify the T-gNB of the QoS flow to DRB mapping infor-
mation in the communication from the remote UE to the
S-gNB and/or the communication from the S-gNB to the
remote UE, and the DRB mapping information in the relay
UE in association with each other.
[0225] A mapping method of the DRB between the re-
mote UE and the relay UE and the DRB between the
relay UE and the remote UE in the communication be-
tween the remote UE and the gNB via the relay UE will
be disclosed. The S-gNB performs mapping configura-
tion of the configuration of the DRB between the remote
UE and relay UE #1 and the configuration of the DRB
between relay UE #1 and the S-gNB. The S-gNB may
separate mapping of the DRB for communication from
the remote UE to the S-gNB and mapping of the DRB for
communication from the S-gNB to the remote UE. The
S-gNB may perform the mapping configuration in each
direction. Although described as S-gNB above, the gNB
is not particularly limited to the S-gNB which is a gNB as
an HO source. The above may be applied to a case where
communication is performed between the remote UE and
the gNB via the relay UE.
[0226] Thus, the S-gNB can perform mapping config-
uration suitable for the communication between the re-
mote UE and the S-gNB. In addition, the S-gNB can rec-
ognize the mapping information.
[0227] Another method will be disclosed. Relay UE #1
may perform mapping configuration of the configuration
of the DRB between relay UE #1 and the remote UE and
the configuration of the DRB between relay UE #1 and
the S-gNB in the communication between the remote UE
and the S-gNB via relay UE #1. Relay UE #1 may sep-
arate mapping of the DRB for communication from the
remote UE to the S-gNB and mapping of the DRB for
communication from the S-gNB to the remote UE. Relay
UE #1 may perform the mapping in each direction. Al-
though described as S-gNB above, the gNB is not par-
ticularly limited to the S-gNB which is a gNB as an HO
source. The above may be applied to a case where com-
munication is performed between the remote UE and the
gNB via the relay UE.
[0228] Thus, relay UE #1 can perform mapping con-
figuration of mapping performed by relay UE #1. There-
fore, it is possible to make a mapping configuration suit-
able for the communication between the remote UE and
the S-gNB via relay UE #1 in consideration of the radio
resource usage of relay UE #1, and the like.
[0229] Relay UE #1 notifies the S-gNB of information
about the mapping configuration of the configuration of
the DRB between relay UE #1 and the remote UE and

the configuration of the DRB between relay UE #1 and
the S-gNB in the communication between the remote UE
and the S-gNB via relay UE #1. Thus, the S-gNB can
recognize the mapping configuration.
[0230] Thus, the S-gNB can notify the T-gNB of infor-
mation about the mapping configuration of the DRB be-
tween the remote UE and relay UE #1 and the DRB be-
tween relay UE #1 and the S-gNB used for the commu-
nication between the remote UE and the S-gNB.
[0231] It has been studied to provide, in communica-
tion between a remote UE and a gNB via a relay UE, an
adaptation layer as a protocol between the relay UE and
the gNB and/or between the remote UE and the relay UE
(see Non Patent Literature 27 (3GPP TR 38.836)). In HO
in communication between the remote UE and the gNB
via the relay UE, the S-gNB may notify the T-gNB of in-
formation about a configuration of adaptation layers be-
tween the remote UE and relay UE #1 and/or information
about a configuration of adaptation layers between relay
UE #1 and the S-gNB, which are used for the communi-
cation between the remote UE and the S-gNB.
[0232] The T-gNB can perform the configuration of ad-
aptation layers in the communication between the remote
UE and the T-gNB via relay UE #2 by using the informa-
tion about the configuration of adaptation layers config-
ured in the communication between the remote UE and
the S-gNB. With the use of the information, the T-gNB
can perform the configuration of adaptation layers at an
early stage.
[0233] FIG. 16 is a sequence diagram illustrating an
example of a method of HO of the remote UE via the
relay UE in the first modification of the first embodiment.
In FIG. 16, steps common to those in FIGS. 14 and 15
are denoted by the same step numbers as those therein,
and a common description will be omitted. The example
in FIG. 16 discloses a method for notifying the T-gNB of
information about the configuration of the DRB in the
communication between the remote UE and the S-gNB.
[0234] The S-gNB performs a DRB configuration for
the communication between the remote UE and relay UE
#1 in the communication between the remote UE and the
S-gNB. In step ST1601, the S-gNB notifies the remote
UE, via relay UE #1, of the information about the DRB
configuration for the communication between the remote
UE and relay UE #1. In the example in FIG. 16, the no-
tification is performed by including the information in an
RRCReconfiguration message between the S-gNB and
the remote UE. The S-gNB performs a DRB configuration
for communication between relay UE #1 and the S-gNB
in the communication between the remote UE and the
S-gNB. In step ST1602, the S-gNB notifies relay UE #1
of the information about the DRB configuration for the
communication between the remote UE and relay UE #1.
In the example in FIG. 16, the notification is performed
by including the information in an RRCReconfiguration
message between the S-gNB and relay UE #1. DRB in-
formation between the remote UE and relay UE #1, DRB
information between relay UE #1 and the S-gNB, and
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DRB mapping information in relay UE #1 are provided
as the information. In step ST1603, data communication
is performed among the remote UE, relay UE #1, the S-
gNB, and the UPF of the CN.
[0235] In step ST1604, the S-gNB notifies the remote
UE, via relay UE #1, of a measurement configuration. In
step ST1605, the remote UE notifies the S-gNB, via relay
UE #1, of a measurement report. The S-gNB that has
determined the HO of the remote UE in step ST1405
notifies the T-gNB of an HO request message in step
ST1606. The HO request message preferably includes
information about a DRB configuration for the communi-
cation between the remote UE and the S-gNB. It is pref-
erable to include, as the information about the DRB con-
figuration for the communication between the remote UE
and the S-gNB, information about the DRB configuration
between the remote UE and relay UE #1 in the commu-
nication between the remote UE and the S-gNB, and in-
formation about the DRB configuration between relay UE
#1 and the S-gNB in the communication between the
remote UE and the S-gNB. The HO request message
may include mapping information for QoS flow to the DRB
for the communication between the remote UE and the
S-gNB. The HO request message may include DRB map-
ping information in relay UE #1. Thus, the T-gNB can
recognize the DRB configuration used for the communi-
cation between the remote UE and the S-gNB via relay
UE #1. Each piece of information described above to be
included in the HO request message is an example of
data communication configuration information indicating
the content of a configuration for data communication
between the S-gNB and the remote UE.
[0236] The T-gNB performs a DRB configuration used
for the communication between the remote UE and the
T-gNB via relay UE #2 by using the DRB configuration
used for the communication between the remote UE and
the S-gNB via relay UE #1 which the T-gNB has been
notified of from the S-gNB.
[0237] In step ST1607, the T-gNB notifies relay UE #2
of information about the DRB configuration used for the
communication between the remote UE and the T-gNB
via relay UE #2. The notification is preferably performed
by including the information in a relay request message.
It is preferable to include, as the information about the
DRB configuration used for the communication between
the remote UE and the T-gNB, information about a DRB
configuration between the remote UE and relay UE #2
in the communication between the remote UE and the
T-gNB, and information about a DRB configuration be-
tween relay UE #2 and the T-gNB in the communication
between the remote UE and the T-gNB, in the relay re-
quest message. The relay request message may include
mapping information for QoS flow to a DRB for the com-
munication between the remote UE and the T-gNB. The
relay request message may include DRB mapping infor-
mation in relay UE #2. Thus, the T-gNB can notify relay
UE #2 of the DRB configuration for the communication
between the remote UE and the T-gNB via relay UE #2.

[0238] In step ST1609, the T-gNB notifies the S-gNB
of information about the DRB configuration used for the
communication between the remote UE and the T-gNB
via relay UE #2. The notification is preferably performed
by including the information in an HO request response
message. It is preferable to include, as information about
the DRB configuration for the communication between
the remote UE and the T-gNB, information about the DRB
configuration between the remote UE and relay UE #2
in the communication between the remote UE and the
T-gNB. Thus, the S-gNB can receive the DRB configu-
ration for the communication between the remote UE and
the T-gNB.
[0239] In step ST1610, the S-gNB notifies the remote
UE of information about the DRB configuration used for
the communication between the remote UE and the T-
gNB via relay UE #2. The notification is preferably per-
formed by including the information in an RRC configu-
ration change message. Here, an RRCReconfiguration
message is used as the RRC configuration change mes-
sage. The S-gNB performs a notification of the message
via relay UE #1. It is preferable to employ, as the infor-
mation about the DRB configuration for the communica-
tion between the remote UE and the T-gNB, information
about the DRB configuration between the remote UE and
relay UE #2 in the communication between the remote
UE and the T-gNB. Thus, the remote UE can receive the
DRB configuration for the communication between the
remote UE and the T-gNB. The remote UE can perform
data communication with the T-gNB by using the config-
uration.
[0240] The method for stopping communication be-
tween the remote UE and the S-gNB has been disclosed
in the first embodiment. Here, another method will be
disclosed. In the first embodiment, the communication is
stopped as triggered by step ST1410 described above,
but here, the S-gNB notifies the remote UE of the RRC
configuration change message in step ST1610, and then
notifies relay UE #1 of the stop of communication with
the remote UE in step ST1611. The notification may be
performed by RRC signaling. The communication stop
message may include information about the remote UE.
The communication stop message may include cause
information of the stop of communication. For example,
information indicating that communication is stopped by
HO may be included. Relay UE #1 that has received the
communication stop message regarding the remote UE
from the S-gNB stops relay communication between the
remote UE and the S-gNB. A configuration for the relay
communication between the remote UE and the S-gNB
may be released. A buffer for the relay communication
between the remote UE and the S-gNB may be reset. In
addition, relay UE #1 may release the configuration for
the PC5 communication with the remote UE, for example.
Thus, it is possible to avoid unnecessary continuation of
a relay process performed by relay UE #1. In addition,
the power consumption of relay UE #1 can be reduced.
[0241] With such a method, the S-gNB can notify the
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T-gNB of the information about the configuration of the
DRB used for the communication between the remote
UE and the S-gNB via relay UE #1. With the use of the
information, the T-gNB can perform the DRB configura-
tion for the communication between the remote UE and
the T-gNB via relay UE #2. In addition, it is possible to
notify the remote UE and relay UE #2 of the configuration.
[0242] In HO in a case where the remote UE and the
gNB are directly connected, the remote UE starts trans-
mitting UL data to the T-gNB after successfully perform-
ing an RA process on the T-gNB. However, in a case of
HO of the remote UE via the relay UE, the remote UE is
not directly connected to the T-gNB, so that there is no
RA process performed on the T-gNB. In such a case, a
timing at which the remote UE starts transmitting the UL
data to the T-gNB via the relay UE is unknown. Here, a
method for solving such a problem will be disclosed.
[0243] In order to solve the above problem, the remote
UE transmits an RRC configuration complete message
to the T-gNB, and then starts transmitting the UL data to
the T-gNB via relay UE #2. The T-gNB can recognize
that the RRC connection has been made to the remote
UE by receiving the RRC configuration complete mes-
sage from the remote UE. The T-gNB can recognize that
the remote UE has configured the RRC configuration
which the T-gNB notified the remote UE, via the S-gNB,
of. The T-gNB preferably receives the UL data from the
remote UE via relay UE #2. The UL data can be trans-
mitted and received between the remote UE and the T-
gNB via relay UE #2.
[0244] Another method will be disclosed. The remote
UE may start transmitting the UL data after PC5-RRC
connection to relay UE #2 is completed. Relay UE #2
may transmit the UL data received from the remote UE
to the T-gNB. Thus, the remote UE can transmit the UL
data to the T-gNB via relay UE #2 at an early stage.
[0245] Thus, the DRB can be configured in the com-
munication between the remote UE and the gNB via the
relay UE. In addition, communication between the remote
UE and the gNB via the relay UE can be performed. Fur-
thermore, the T-gNB can acquire the configuration of the
DRB in the communication between the remote UE and
the S-gNB in the HO of the remote UE via the relay UE.
Therefore, in the T-gNB, the DRB between the remote
UE and the T-gNB can be configured using the configu-
ration of the DRB between the remote UE and the S-
gNB. Moreover, it is possible to obtain some effects in
the HO of the remote UE via the relay UE. For example,
the continuity of services can be maintained, communi-
cation optimal for QoS required for services can be per-
formed, the DRB can be configured by the T-gNB at an
early stage, processes related to the HO can be per-
formed with low latency, and the robustness of the HO
can be improved.

Second Modification of First Embodiment.

[0246] In the HO of the remote UE via the relay UE,

data communication latency is required to be reduced.
However, Non Patent Literatures 1 to 27 and other doc-
uments do not disclose any method for reducing the data
communication latency in the HO.
[0247] A second modification of the first embodiment
discloses a method for solving such a problem.
[0248] In order to solve the above problem, dual active
protocol stack (DAPS) HO is provided in the HO of the
remote UE via the relay UE. Hereinafter, the DAPS HO
in the HO of the remote UE via the relay UE is sometimes
referred to as I-DAPS HO. A detailed method will be dis-
closed. In the HO of the remote UE via the relay UE, the
remote UE activates protocol stacks used for both com-
munications, i.e., communication with the S-gNB and
communication with the T-gNB. As the protocol stack for
communication with the S-gNB, a protocol stack for the
communication between the remote UE and the S-gNB
via relay UE #1 may be used. As the protocol stack for
communication with the T-gNB, a protocol stack for com-
munication between the remote UE and the T-gNB via
relay UE #2 may be used.
[0249] The I-DAPS HO may be HO from a gNB directly
connected to the remote UE to a gNB connected thereto
via the relay UE, and/or HO from a gNB connected to the
remote UE via the relay UE to a gNB directly connected
thereto, and/or HO from a gNB connected to the remote
UE via the relay UE to a gNB connected thereto via the
relay UE. Hereinafter, these are sometimes referred to
as types of I-DAPS HO.
[0250] A method for configuring the I-DAPS HO of the
remote UE via the relay UE will be disclosed. The NW
enables the remote UE to configure the I-DAPS HO. The
NW enables the relay UE to configure the I-DAPS HO.
The NW may be, for example, an AMF or an SMF. The
NW may be, for example, a RAN. The RAN may be, for
example, a gNB. The gNB may be an S-gNB or a T-gNB.
In a case where the S-gNB performs the configuration,
the I-DAPS HO can be configured depending on the com-
munication service or the communication status of the
remote UE caused to perform the HO and the commu-
nication status of relay UE #1. In a case where the T-
gNB performs the configuration, the I-DAPS HO can be
configured depending on the communication service or
the communication status of the remote UE caused to
perform the HO and the communication status of relay
UE #2.
[0251] The NW notifies the remote UE of the configu-
ration of the I-DAPS HO. Information indicating whether
to configure the I-DAPS HO may be included as config-
uration information of the I-DAPS HO. Information indi-
cating the types of the I-DAPS HO may be included as
the configuration information of the I-DAPS HO. The
types of the I-DAPS HO may be associated with infor-
mation indicating whether to perform the configuration.
Thus, the NW can select which type of I-DAPS HO to be
configured for the remote UE and/or the relay UE. In ad-
dition, the NW can notify the remote UE and/or the relay
UE of which type of I-DAPS HO to be executed. The
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remote UE and/or the relay UE can determine which type
of I-DAPS HO should be performed at a time of the HO
of the remote UE via the relay UE.
[0252] A method for performing a notification of the
configuration of the I-DAPS HO will be disclosed. The
NW notifies the remote UE of the configuration of the I-
DAPS HO by RRC signaling. In addition, the NW notifies
the relay UE of the configuration of the I-DAPS HO by
RRC signaling. As RRC signaling, for example, an RR-
CReconfiguration message may be used for the notifica-
tion. The notification method is effective when the remote
UE or the relay UE is RRC-connected to the gNB. For
example, the notification may be performed by an RRC-
Setup message. In that case, since the configuration can
be performed when the remote UE or the relay UE es-
tablishes the RRC connection to the gNB, the configura-
tion can be performed at an early stage. For example,
the notification may be performed by an RRCResume
message. In that case, since the configuration can be
performed when the remote UE or the relay UE is in an
inactive state with the gNB and is in transition to the RRC-
connected state, the configuration can be performed at
an early stage. For example, the notification may be per-
formed by an RRCReestablichment message. In that
case, since the configuration can be performed when the
remote UE or the relay UE is in a state of radio link failure
(RLF) or the like and is in transition to the RRC-connected
state, the configuration can be performed at an early
stage.
[0253] The T-gNB may notify relay #2 of the configu-
ration of the I-DAPS HO by a relay request message.
[0254] The remote UE may notify the NW of whether
the I-DAPS HO can be performed. The relay UE may
notify the NW of whether the I-DAPS HO can be per-
formed. The types of the I-DAPS HO and information
indicating whether the I-DAPS HO can be performed may
be associated with each other to perform a notification
thereof. Information as to whether the I-DAPS HO can
be performed or information in which the types of the I-
DAPS HO are associated with information indicating
whether I-DAPS HO can be performed may be used as
capability information.
[0255] A method for stopping DL transmission from re-
lay UE #1 to the remote UE in the I-DAPS HO of the
remote UE from the gNB connected via the relay UE will
be disclosed. The S-gNB notifies relay UE #1 of informa-
tion indicating that transmission and reception between
the remote UE and the S-gNB are stopped. A notification
of information indicating that a relay configuration be-
tween the remote UE and the S-gNB is released may be
performed. Hereinafter, the information indicating that
transmission and reception between the remote UE and
the S-gNB are stopped and/or the information indicating
that the relay configuration between the remote UE and
the S-gNB is released is herein sometimes referred to
as HO source relay configuration release information.
The S-gNB may notify relay UE #1 that the HO has suc-
ceeded. The notification of the information is preferably

performed as triggered by the S-gNB having received an
HO success message from the T-gNB.
[0256] Relay UE #1 that has received the information
stops DL transmission to the remote UE. Relay UE #1
that has received the information may release the con-
figuration for DL transmission to the remote UE, or may
release the relay configuration between the remote UE
and the S-gNB.
[0257] RRC signaling may be used for performing the
notification of the information from the S-gNB to relay UE
#1. The notification may be performed by including the
information in an RRC message. The notification may be
performed, for example, by including the information in
an RRCReconfiguration message. The notification may
be performed by including the information in an RRC
message for relay. A message with which the S-gNB no-
tifies relay UE #1 of whether the HO has succeeded may
be provided, the information may be included in the mes-
sage, and the S-gNB may notify relay UE #1 of the mes-
sage. Thus, relay UE #1 can recognize HO success of
the remote UE.
[0258] MAC signaling may be used for performing the
notification of the information from the S-gNB to relay UE
#1. The notification may be performed by including the
information in a MAC control element (CE). L1/L2 sign-
aling may be used for the notification of the information
from the S-gNB to relay UE #1. The notification may be
performed by including the information in a PDCCH.
Thus, the S-gNB can notify relay UE #1 of the information
at an earlier stage. In addition, it is possible to reduce
latency until stop of DL transmission from relay UE #1 to
the remote UE. Furthermore, since unnecessary trans-
mission/reception processing time is reduced in relay UE
#1 and the remote UE, power consumption can be re-
duced.
[0259] Thus, in the I-DAPS HO of the remote UE via
the relay UE, relay UE #1 can recognize the HO success
of the remote UE. Relay UE #1 can stop DL transmission
from relay UE #1 to the remote UE in response to the
HO success of the remote UE. In addition, relay UE #1
can release the configuration used for the DL transmis-
sion of relay UE #1 and the remote UE in response to
the HO success of the remote UE. Therefore, it is possible
to reduce unnecessary processes such as a DL trans-
mission process to the remote UE performed by relay
UE #1 even though the HO of the remote UE has suc-
ceeded. In addition, radio resources used by relay UE
#1 for the process can be released.
[0260] It has been disclosed in the above that relay UE
#1 that has received the HO source relay configuration
release information stops the DL transmission to the re-
mote UE. There is no limitation thereto, and relay UE #1
that has received the information may stop DL reception
from the S-gNB. Relay UE #1 that has received the in-
formation may release a configuration for the DL recep-
tion from the S-gNB. Relay UE #1 that has received the
information may stop UL reception from the remote UE.
Relay UE #1 that has received the information may re-
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lease a configuration for the UL reception from the remote
UE. Relay UE #1 that has received the information may
stop UL transmission to the S-gNB. Relay UE #1 that has
received the information may release a configuration for
the UL transmission to the S-gNB. Thus, it is possible to
obtain an effect similar to that in the above case in each
transmission and reception performed by relay UE #1.
[0261] A method for stopping DL/UL transmission and
reception performed by the remote UE in the I-DAPS HO
of the remote UE to the gNB connected via the relay UE
will be disclosed. The T-gNB notifies the remote UE of
information indicating that transmission and reception
between the remote UE and the S-gNB are stopped. A
notification of information indicating that the configuration
of the communication between the remote UE and the
S-gNB is released may be performed. Hereinafter, the
information indicating that transmission and reception
between the remote UE and the S-gNB are stopped
and/or the information indicating that the configuration of
the communication between the remote UE and the S-
gNB is released is sometimes referred to as HO source
communication configuration release information. The T-
gNB preferably notifies the remote UE, via relay UE #2,
of the information. The notification of the information is
preferably performed as triggered by the T-gNB having
received RRCReconfiguration from the remote UE.
[0262] The remote UE transmits and receives data be-
tween the remote UE and the S-gNB until receiving the
information. In a case of receiving the information, the
remote UE stops transmission and reception of data be-
tween the remote UE and the S-gNB, and releases the
configuration for communication with the S-gNB.
[0263] RRC signaling may be used for performing the
notification of the information from the T-gNB to the re-
mote UE. The notification may be performed by including
the information in an RRC message. The notification may
be performed, for example, by including the information
in an RRCReconfiguration message. A message indicat-
ing stop of transmission and reception between the re-
mote UE and the S-gNB or release of the configuration
may be provided, the information may be included in the
message, and the T-gNB may notify the remote UE of
the message. Thus, the remote UE can receive the in-
formation from the T-gNB.
[0264] MAC signaling may be used for performing the
notification of the information from the T-gNB to the re-
mote UE. MAC signaling from the T-gNB to relay UE #2
and SL MAC signaling from relay UE #2 to the remote
UE may be used. The notification may be performed by
including the information in a MAC CE. L1/L2 signaling
may be used for performing the notification of the infor-
mation from the T-gNB to the remote UE. The notification
may be performed by including the information in a PD-
CCH from the T-gNB to relay UE #2 and a PSCCH from
relay UE #2 to the remote UE. Thus, the T-gNB can notify
the remote UE of the information at an earlier stage. In
addition, it is possible to reduce latency until stop of trans-
mission and reception between the remote UE and the

S-gNB. Furthermore, since unnecessary transmis-
sion/reception processing time is reduced in the remote
UE, power consumption can be reduced.
[0265] Thus, in the I-DAPS HO of the remote UE via
the relay UE, the remote UE can determine the stop of
the communication with the S-gNB and the release of
the configuration for the communication. Therefore, it is
possible to reduce unnecessary processes such as a
communication process performed between the remote
UE and the S-gNB even though the HO of the remote
UE has succeeded. In addition, radio resources used by
relay UE #1 for the process can be released.
[0266] A method will be disclosed in which the remote
UE starts transmitting UL data to the T-gNB in the I-DAPS
HO of the remote UE via the relay UE. In a case of re-
ceiving, from the T-gNB, the information indicating that
transmission and reception between the remote UE and
the S-gNB are stopped or the information indicating that
the configuration of the communication between the re-
mote UE and the S-gNB is released, the remote UE starts
transmitting UL data to the T-gNB via relay UE #2. Thus,
the remote UE can start UL data transmission to the T-
gNB in response to the stop of the communication with
the S-gNB or the release of the communication configu-
ration.
[0267] In a case where there is UL data that cannot be
transmitted and delivered certainly to the S-gNB at the
time of stopping the communication with the S-gNB or
releasing the communication configuration, the remote
UE preferably transmits, to the T-gNB, the UL data in
order from the UL data that cannot be transmitted and
delivered certainly. UL data provided with a PDCP SN
that cannot be transmitted and delivered certainly may
be transmitted to the T-gNB. First and subsequent UL
data that cannot be transmitted and delivered certainly
may be transmitted to the T-gNB. First and subsequent
UL data provided with a PDCP SN that cannot be trans-
mitted and delivered certainly may be transmitted to the
T-gNB. Thus, the continuity of the UL data at the time of
the HO of the remote UE can be secured.
[0268] Another method will be disclosed. In a case of
transmitting an RRCReconfigurationcomplete message
to the T-gNB, the remote UE starts transmitting the UL
data to the T-gNB via relay UE #2. Thus, it is possible to
start transmitting the UL data to the T-gNB at an early
stage. For example, even in a case where the remote
UE does not perform the stop of the communication with
the S-gNB or the release of the communication configu-
ration, it is possible to start the UL data transmission to
the T-gNB via relay UE #2.
[0269] In a case where there is UL data that cannot be
transmitted and delivered certainly to the S-gNB at the
time of transmitting the RRCReconfigurationcomplete
message to the T-gNB, the remote UE preferably trans-
mits, to the T-gNB, the UL data in order from the UL data
that cannot be transmitted and delivered certainly. As a
transmission method, it is preferable to appropriately ap-
ply the method disclosed above. Thus, the continuity of
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the UL data at the time of the HO of the remote UE can
be secured similarly to the case described above.
[0270] FIG. 17 is a sequence diagram illustrating an
example of a method of I-DAPS HO in the second mod-
ification of the first embodiment. In FIG. 17, steps com-
mon to those in FIGS. 14 and 16 are denoted by the same
step numbers as those therein, and a common descrip-
tion will be omitted. In step ST1701, relay UE #1 notifies
the S-gNB of DAPS HO capability at the time of relay.
The notification may be performed by including the DAPS
HO capability at the time of relay in UE capability infor-
mation. The relay UE may notify the CN of the DAPS HO
capability at the time of relay. The S-gNB may notify the
CN of the DAPS HO capability at the time of relay by
relay UE #1. Similarly, in step ST1702, relay UE #2 no-
tifies the T-gNB of the DAPS HO capability at the time of
relay. In step ST1703, the remote UE notifies the S-gNB
of the DAPS HO capability. The notification is performed
via relay UE #1. The notification may be performed by
including the DAPS HO capability in the UE capability
information. The remote UE may notify the CN of the
DAPS HO capability at the time of relay. The S-gNB may
notify the CN of the DAPS HO capability of the remote
UE. The DAPS HO may be I-DAPS HO. Thus, the S-gNB
or the CN can recognize whether the remote UE or the
relay UE can perform the DAPS HO.
[0271] In step ST1405, the S-gNB determines the I-
DAPS HO for the remote UE. In step ST1706, the S-gNB
notifies the T-gNB of an I-DAPS HO request. The I-DAPS
HO request message preferably includes information in-
dicating that it is a request for the I-DAPS HO. In step
ST1707, the T-gNB notifies relay UE #2 of a relay re-
quest. The relay request message preferably includes
information about the configuration of the I-DAPS HO.
Thus, relay UE #2 can recognize application of the I-
DAPS HO to the remote UE and the configuration infor-
mation of the I-DAPS HO.
[0272] The S-gNB that has received an HO request
response from the T-gNB in step ST1609 notifies the
remote UE of the information about the configuration of
the I-DAPS HO in step ST1710. The notification may be
performed by using a message for RRC configuration
change. The S-gNB notifies the remote UE, via relay UE
#1, of the information. The remote UE that has received
the notification of the information recognizes that the re-
mote UE is instructed to perform the I-DAPS HO. The
remote UE performs an I-DAPS HO process. In step
ST1711, the S-gNB notifies relay UE #1 of the information
about the configuration of the I-DAPS HO. The notifica-
tion may be performed by using the message for RRC
configuration change. Relay UE #1 that has received the
notification of the information recognizes that the remote
UE to be connected is instructed to perform the I-DAPS
HO. Then, relay UE #1 performs the I-DAPS HO process
of the remote UE.
[0273] In step ST1712, the S-gNB determines data
transfer to the T-gNB. The S-gNB may determine data
transfer of buffer data held by a buffer or may determine

DL data transfer. The S-gNB may determine to transfer
the buffer data and data from the UPF of the CN. In step
ST1713, the S-gNB transfers an SN status to the T-gNB.
Early Status Transfer may be used for the transfer. SN
and/or Hyper Frame Number (HFN) information of DL
data to be transferred first to the T-gNB may be included
as the SN status. After transferring the SN status, the S-
gNB transfers data received in step ST1714 to the T-
gNB. The data may be DL data. DL data that cannot yet
be transmitted to the remote UE by the S-gNB may be
transferred. DL data the S-gNB received from the UPF
of the CN may be transferred. In step ST1715, the T-gNB
buffers data from the S-gNB.
[0274] The T-gNB may transfer the data transferred
from the S-gNB to relay UE #2 to be a connection desti-
nation of the remote UE. Relay UE #2 preferably buffers
the data transferred from the T-gNB. Thus, relay UE #2
can transmit the data received from the T-gNB to the
remote UE at an early stage. For example, relay UE #2
may transmit DL data received from the T-gNB to the
remote UE after establishing the PC5 connection be-
tween the remote UE and relay UE #2.
[0275] After notifying the remote UE of the RRC con-
figuration change message including the configuration
information of the I-DAPS HO in step ST1710 described
above, the S-gNB does not stop the communication with
the remote UE. The S-gNB does not release the config-
uration for communication with the remote UE. In addi-
tion, the remote UE does not stop the communication
with the S-gNB after receiving the message from the S-
gNB in step ST1710 described above. The configuration
for communication with the S-gNB is not released. The
communication with relay UE #1 for communication with
the S-gNB is not stopped. The configuration for the PC5
communication with the relay UE for communication with
the S-gNB is not released. In addition, relay UE #1 does
not stop relay communication between the remote UE
and the S-gNB after receiving, from the S-gNB, the mes-
sage for RRC configuration change including the config-
uration information of the I-DAPS HO in step ST1711
described above. The configuration for the relay commu-
nication between the remote UE and the S-gNB is not
released. The PC5 communication with the remote UE
is not stopped. The communication with the S-gNB is not
stopped. These configurations for communication are not
released.
[0276] The allocation of the PDCP SN to the DL data
by the S-gNB need not be stopped until an SN status is
transmitted to the T-gNB in step ST1721. The S-gNB
does not stop transmitting the DL data to the remote UE
until the HO success message is received. The S-gNB
need not stop receiving the UL data from the remote UE
until the HO success message is received.
[0277] In step ST1412, the remote UE transmits the
RRC configuration complete message to the T-gNB. The
remote UE performs a notification of the RRC configura-
tion complete message via relay UE #2. The remote UE
that has performed the notification of the RRC configu-
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ration complete message may start data transmission to
the T-gNB. In that case, the remote UE starts the data
transmission via the relay UE. The T-gNB may transmit
the data received from the remote UE to the UPF.
[0278] The remote UE that has made the PC5 connec-
tion to relay UE #2 in ST1411 may start data transmission
to relay UE #2. Relay UE #2 may transmit the data re-
ceived from the remote UE to the T-gNB. The T-gNB may
transmit the data received from the remote UE to the
UPF. The remote UE can perform data transmission at
an earlier stage
[0279] The T-gNB that has received the RRC config-
uration complete message from the remote UE notifies
the remote UE of the HO source communication config-
uration release information in step ST1716. The T-gNB
performs the notification of the information via relay UE
#2. In step ST1717, the remote UE stops transmission
and reception to and from the S-gNB and releases the
configuration for the communication. The T-gNB that has
received the RRC configuration complete message from
the remote UE notifies the S-gNB of HO success in step
ST1718. The notification may be performed by using an
HO success message. Thus, the S-gNB can recognize
that the remote UE has completed the RRC connection
to the T-gNB by the I-DAPS HO. The S-gNB that has
received the HO success message from the T-gNB in
step ST1718 notifies relay UE #1 of the HO source relay
configuration release information in step ST1719. The
notification may be performed by using an HO success
message. In step ST1720, relay UE #1 stops transmis-
sion and reception of the relay communication between
the remote UE and the S-gNB, and releases the config-
uration for the communication. Thus, relay UE #1 can
promptly stop transmission and reception of the relay
communication between the remote UE and the S-gNB
and release the configuration for the communication after
the HO success of the remote UE. In addition, unneces-
sary transmission/reception processes of relay UE #1
and unnecessary use of radio resources can be reduced.
It is possible to reduce the power consumption of relay
UE #1 and to improve the use efficiency of radio resourc-
es.
[0280] In step ST1721, the S-gNB transfers an SN sta-
tus to the T-gNB. An SN Status Transfer message may
be used for the transfer. UL data information that needs
to be transmitted again from the remote UE to the T-gNB
may be included as the SN status. DL data information
to be newly transmitted from the T-gNB to the remote UE
may be included as the SN status. The data information
may be information on PDCP SN to be added to data.
Thus, the T-gNB can recognize which data should be
transmitted and received to and from the remote UE.
[0281] The S-gNB transfers data received in step
ST1722 to the T-gNB. The data may be DL data. The S-
gNB may transfer, to the T-gNB, the DL data that cannot
yet be transmitted to the remote UE. The S-gNB may
transfer, to the T-gNB, the DL data received from the
UPF.

[0282] The remote UE that has completed the RRC
connection to the T-gNB in step ST1412 may start data
communication with the T-gNB. Alternatively, after stop-
ping transmission and reception to and from the S-gNB
and releasing the configuration in step ST1717, the re-
mote UE may start data communication with the T-gNB.
In step ST1723, the remote UE starts data communica-
tion with the T-gNB via relay UE #2. Thus, the commu-
nication can be performed between the remote UE and
the T-gNB.
[0283] In step ST1413, the path switch process is per-
formed between the T-gNB and the CN, and in step
ST1724, data provided with an End Marker is transmitted
as the last data to be transferred from the UPF to the T-
gNB via the S-gNB. The End Marker is information indi-
cating that it is the last data to be transferred. Conse-
quently, the T-gNB can recognize the last data to be
transferred from the S-gNB. In step ST1725, data com-
munication is performed between the T-gNB and the
UPF.
[0284] Thus, it is possible to execute the I-DAPS HO
of the remote UE via the relay UE.
[0285] FIG. 18 is a sequence diagram illustrating an-
other example of the method of the I-DAPS HO in the
second modification of the first embodiment. In FIG. 18,
steps common to those in FIG. 17 are denoted by the
same step numbers as those therein, and a common
description will be omitted. Before the remote UE stops
transmission and reception to and from the S-gNB, data
communication may be performed between the remote
UE and the T-gNB. FIG. 18 discloses such a case.
[0286] In steps ST1717 and ST1720, before stopping
the transmission and reception to and from the S-gNB
and releasing the configuration, the S-gNB transfers the
SN status in step ST1721 and performs data transfer to
the T-gNB in step ST1722. DL data may be transferred
as the data. The S-gNB may transfer the DL data that
cannot yet be transmitted to the remote UE. The S-gNB
may transfer the DL data received from the UPF. In step
ST1723, the T-gNB transmits, to the remote UE via relay
UE #2, the data transferred from the S-gNB. Thus, the
data communication can be performed between the re-
mote UE and the T-gNB at an early stage.
[0287] Thus, DAPS HO can be performed in the HO
of the remote UE via the relay UE, so that communication
latency in the HO process can be reduced. In addition,
unnecessary relay processes can be reduced in the relay
UE. The power consumption of the relay UE can be re-
duced. Furthermore, malfunction of the relay UE can be
reduced.

Third Modification of First Embodiment.

[0288] When the remote UE switches all the UL trans-
missions to the T-gNB, for example, in order to start trans-
mitting the UL data to the T-gNB in the I-DAPS HO of the
remote UE via the relay UE, a problem may occur in
communication with the S-gNB.
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[0289] A third modification of the first embodiment dis-
closes a method for solving such a problem.
[0290] In order to solve the above problem, the remote
UE performs, to relay UE #1, UL transmission related to
retransmission of the communication with the S-gNB until
the communication with the S-gNB is stopped or com-
munication configuration release information is received.
Nine specific examples of the UL transmission related to
the retransmission of the communication with the S-gNB
will be disclosed below.

(11) SL L1 CSI FB (feed back).
(12) SL HARQ FB.
(13) SL L2 RLC FB.
(14) ROHC FB.
(15) SL HARQ data retransmission.
(16) SL RLC data retransmission.
(17) SL PDCP data retransmission.
(18) SL PDCP status report retransmission.
(19) A combination of (11) to (18).

[0291] Thus, relay UE #1 can receive, from the remote
UE, the UL transmission related to the retransmission of
the communication between the remote UE and the S-
gNB.
[0292] Relay UE #1 performs, to the S-gNB, the UL
transmission related to the retransmission of the com-
munication between the remote UE and the S-gNB until
information on the stop of the transmission and reception
between the remote UE and the S-gNB or relay config-
uration release information is received. Nine specific ex-
amples of the UL transmission related to the retransmis-
sion of the communication between the remote UE and
the S-gNB will be disclosed below.

(21) L1 CSI FB.
(22) HARQ FB.
(23) L2 RLC FB.
(24) ROHC FB.
(25) HARQ data retransmission.
(26) RLC data retransmission.
(27) PDCP data retransmission.
(28) PDCP status report retransmission.
(29) A combination of (21) to (28).

[0293] Thus, the S-gNB can receive, from relay UE #1,
the UL transmission related to the retransmission of the
communication between the remote UE and the S-gNB.
[0294] The remote UE may continue to perform, to the
S-gNB, UL transmission on Uu related to the communi-
cation between the remote UE and the S-gNB. The trans-
mission may be performed, for example, in a case where
the RLC is retransmitted between the remote UE and the
S-gNB. Four specific examples of the transmission on
Uu related to the communication between the remote UE
and the S-gNB will be disclosed below.

(31) L2 RLC FB.

(32) RLC data retransmission.
(33) ROHC FB.
(34) A combination of (31) to (33).

[0295] Thus, for example, even in a case where the
RLC is retransmitted between the remote UE and the S-
gNB, the S-gNB can receive, from the remote UE, the
UL transmission on Uu related to the communication be-
tween the remote UE and the S-gNB.
[0296] In addition, thus, for example, even in a case
where the remote UE starts transmitting the UL data to
the T-gNB, the S-gNB can receive, from the remote UE,
the UL transmission related to the communication be-
tween the remote UE and the S-gNB. Therefore, the com-
munication between the remote UE and the S-gNB is
continued. In the I-DAPS HO of the remote UE via the
relay UE, data communication latency can be reduced,
and the robustness of the HO process can be improved.

Fourth Modification of First Embodiment.

[0297] In HO in a case where the UE is directly con-
nected to the gNB, HO failure is managed by a timer.
The timer is started when the RRC configuration change
is received, and is stopped when the RA process is com-
pleted. When the timer expires, in other words, in a case
where the RA process is not completed within the timer,
the HO fails, and RRC reestablishment is performed.
However, in the HO of the remote UE via the relay UE,
when connection to the T-gNB is made via the relay UE,
the RA process is not performed on the T-gNB. Non Pat-
ent Literatures 1 to 27 and other documents do not dis-
close any process in such a case.
[0298] Here, a method for solving such a problem will
be disclosed.
[0299] In order to solve the above problem, the remote
UE manages HO failure with a timer. The timer is started
when the RRC configuration change is received from the
S-gNB. The timer is stopped when PC5-RRC connection
to the relay UE is completed. As another method, the
timer may be stopped when the PC5-RRC connection to
the relay UE is completed and information on the RRC-
connected state to the T-gNB is received from the relay
UE. As another method, the timer may be stopped when
a notification of RRC configuration complete is performed
to the T-gNB. As another method, the timer may be
stopped when an HO source communication configura-
tion release message is received from the T-gNB.
[0300] When the timer expires, an RRC reestablish-
ment process is preferably performed on the gNB con-
nected to the relay UE. Regarding a case of the I-DAPS
HO, in a case where the S-gNB is connected when the
timer expires, reverting back to an S-gNB configuration
may be performed and the SRB of the S-gNB may be
activated for control plane (CP) signaling. As another
method regarding the case of the I-DAPS HO, in a case
where there is no SL RLE between the remote UE and
the relay UE and there is no RLE between the relay UE
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and the S-gNB when the timer expires, reverting back to
the S-gNB configuration may be performed, and the SRB
of the S-gNB may be activated for CP signaling.
[0301] Thus, even in a case where the RA process is
not performed on the T-gNB in the HO of the remote UE
via the relay UE, an HO failure process can be performed.
Therefore, an HO failure process due to a radio wave
propagation environment or the like can be performed.
In addition, it is possible to reduce malfunction in the HO
of the remote UE via the relay UE.

Second Embodiment.

[0302] In HO of a remote UE via a relay UE, improve-
ment of robustness is required. As a method for improving
robustness in HO, there is conditional HO (CHO) (see
Non Patent Literature 19 (3GPP TS 38.331)). However,
this is a method in a case where a UE is directly connect-
ed to a gNB, and there is no disclosure of a case where
the UE is connected to the gNB via a relay UE.
[0303] The second embodiment discloses a method
for improving robustness in HO of the remote UE via the
relay UE.
[0304] In order to solve the above problem, a commu-
nication system according to the second embodiment
provides CHO in the HO of the remote UE via the relay
UE. Hereinafter, the CHO in the HO of the remote UE
via the relay UE is sometimes referred to as I-CHO. A
detailed method will be disclosed. An S-gNB configures
one or a plurality of gNBs to be candidates for an HO
destination. The S-gNB may configure one or a plurality
of cells configured by one or a plurality of gNBs to be
candidates for the HO destination. The cells to be can-
didates may be cells configured by different gNBs.
[0305] The cells to be candidates may be cells directly
connectable to the remote UE. One or a plurality of cells
directly connectable to the remote UE may be configured
as candidates for the HO destination. A cell satisfying
predetermined reception quality (including received pow-
er and SINR) on DL may be employed as a directly con-
nectable cell. The predetermined DL reception quality
may be determined in advance in a standard, or may be
broadcast by the gNB or may be provided by the gNB
individually. Thus, a cell connectable without via the relay
UE can be employed as a candidate for the HO destina-
tion. In addition, it is possible to avoid complication of an
HO process.
[0306] The cells to be candidates may be cells to be
connected to the relay UE. A cell to be connected to one
or a plurality of relay UEs may be configured as a can-
didate for the HO destination. A cell to which the relay
UE satisfying a predetermined reception quality on the
SL is connected may be a cell connectable via the relay
UE. Thus, a cell connectable via the relay UE can be
employed as a candidate for the HO destination. In ad-
dition, it is possible to enhance the coverage of the cell
via the relay UE.
[0307] The cells to be candidates may be cells to which

one or a plurality of relay UEs, to which the remote UE
is PC5-connected in advance, are connected. A cell to
which, among one or a plurality of relay UEs to which the
remote UE is PC5-connected in advance, a relay UE sat-
isfying a predetermined reception quality on the SL is
connected may be employed as a cell connectable via
the relay UE. Thus, a cell connectable via the relay UE
to which the remote UE is PC5-connected in advance
can be employed as a candidate for the HO destination.
The robustness of the HO can be improved.
[0308] The cells disclosed above may be combined as
cells to be candidates.
[0309] A configuration of the cells to be candidates dis-
closed above may be statically determined in advance
in a standard or the like. Alternatively, the cells to be
candidates disclosed above may be enabled to be con-
figured. The S-gNB may perform the configuration. Al-
ternatively, the AMF may perform the configuration and
notify the S-gNB of the configuration. When the cells to
be candidates disclosed above are enabled to be con-
figured, it is possible to flexibly configure the CHO de-
pending on the presence of the relay UE and the gNB,
the positional relationship thereof, a radio wave propa-
gation environment, and the like.
[0310] The S-gNB configures DL measurement and/or
SL measurement for the remote UE. The remote UE no-
tifies the S-gNB of a measurement result depending on
the configuration. The S-gNB selects one or a plurality
of relay UEs to be candidates for a connection destination
of the remote UE by using a DL measurement result
and/or an SL measurement result received from the re-
mote UE. The S-gNB preferably employs one or a plu-
rality of gNBs to which the one or the plurality of relay
UEs thus selected are connected as candidates for the
HO destination. The S-gNB can select one or a plurality
of cells to be candidates for the HO destination.
[0311] Thus, one or a plurality of cells can be config-
ured as candidates for the HO destination for the remote
UE.
[0312] It is preferable to appropriately apply the meth-
od disclosed in the first embodiment as a method in which
the S-gNB recognizes the gNB to which the relay UE to
be a candidate for the connection destination of the re-
mote UE is connected.
[0313] The S-gNB notifies one or a plurality of gNBs
to be candidates for the HO destination (T-gNBs) of an
HO request of the remote UE. The notification to each
T-gNB may be performed by using Xn signaling. An HO
request message may be used.
[0314] A signaling method in a case where the T-gNB
is connected to a plurality of relay UEs will be disclosed.
The S-gNB notifies the T-gNB of a message for each
relay UE. Thus, it is possible to perform a notification of
the message for each relay UE to be a candidate for the
connection destination of the remote UE. In addition, a
notification of messages different for each relay UE can
be performed.
[0315] As another method, the S-gNB notifies the T-
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gNB of a message for each gNB. Specifically, the S-gNB
notifies the T-gNB of information about one or a plurality
of relay UEs to which the gNB is to be connected by
including the information in one message. Thus, the
amount of signaling can be reduced.
[0316] The S-gNB may notify the T-gNB of a message
for each cell. Specifically, the S-gNB notifies the T-gNB
of information, for each cell, about one or a plurality of
relay UEs to which the cell is to be connected by including
the information in one message. In this method, the T-
gNB is notified of as many messages as the number of
target cells. Thus, it is possible to perform a notification
of messages different for each cell to which the relay UE
is to be connected.
[0317] The T-gNB as a candidate for the HO destina-
tion notifies the relay UE to be a candidate for the con-
nection destination of a relay request message. Specif-
ically, the T-gNB as a candidate for the HO destination
preferably notifies the relay UE to be a candidate for the
connection destination of the relay request message by
using information about the relay UE to be a candidate
for the connection destination acquired from the S-gNB.
The relay request message may include information
about the remote UE as an HO target. As the information
about the remote UE, for example, information for iden-
tifying the remote UE and a context of the remote UE
may be used. The relay request message may include
configuration information about the PC5 communication
between the remote UE and the relay UE. Regarding the
notification of the relay request message, methods dis-
closed in the first embodiment and the first modification
of the first embodiment may be appropriately applied.
[0318] The relay UE to be a candidate for the connec-
tion destination that has received the relay request mes-
sage from the T-gNB as a candidate for the HO destina-
tion may perform a configuration for relay between the
remote UE to be the HO target and the T-gNB as a can-
didate for the HO destination by using the information
included in the message. The relay UE to be a candidate
for the connection destination notifies the T-gNB as a
candidate for the HO destination to be connected of a
relay request response. In a case where the configuration
for the relay is completed, a notification of an acknowl-
edgment is preferably performed. In a case where the
configuration for the relay is not completed or a case
where the configuration for the relay is rejected, a notifi-
cation of a negative acknowledgment is preferably per-
formed. The negative acknowledgment may include
cause information. Thus, the T-gNB as a candidate for
the HO destination can recognize whether the relay UE
to be a candidate for the connection destination has per-
formed a relay configuration for the remote UE to be the
HO target.
[0319] The T-gNB as a candidate for the HO destina-
tion notifies the S-gNB of an HO request response. Re-
garding a method for performing a notification of an HO
request response message, it is preferable to appropri-
ately apply the method for performing a notification of the

HO request described above. Regarding the information
to be included in the HO request response, it is preferable
to appropriately apply the information disclosed in the
first embodiment.
[0320] The S-gNB may again configure the T-gNB to
be a candidate for the HO destination. At that time, se-
lection may be performed from among the T-gNBs from
which an acknowledgment of the HO request to the T-
gNB has been received. Thus, the S-gNB can more flex-
ibly configure the T-gNB as a candidate for the HO des-
tination to the remote UE in consideration of the situation
of the T-gNB or relay UE #2 connected to the T-gNB.
[0321] The S-gNB configures, for the remote UE
caused to perform the HO, I-CHO execution conditions
of one or a plurality of T-gNBs to be candidates for the
HO destination. Specifically, the S-gNB notifies the re-
mote UE of I-CHO execution condition configurations.
After receiving the HO request responses from all the T-
gNBs which the S-gNB has notified of the HO request,
the S-gNB may notify the remote UE of the I-CHO exe-
cution condition configurations of the T-gNBs. As another
method, after receiving the HO request responses from
some of the T-gNBs which the S-gNB has notified of the
HO request, the S-gNB may notify the remote UE of the
I-CHO execution condition configurations of the T-gNBs.
The notification may be performed a plurality of times.
The S-gNB may modify or additionally configure the T-
gNBs and I-CHO execution conditions of the T-gNBs for
the remote UE. The S-gNB may perform a notification of
the configuration until receiving an HO success message
from the T-gNB.
[0322] The remote UE evaluates whether to trigger the
I-CHO for each of the T-gNBs depending on the T-gNBs
and the I-CHO execution conditions of the T-gNBs re-
ceived from the S-gNB. The reception quality on the SL
from the relay UE connected to the T-gNB may be used
to evaluate whether to trigger the I-CHO. For example,
the remote UE measures the reception quality on the SL
from the relay UE. SL reception quality may be derived
by adding a predetermined offset to a measurement re-
sult of the reception quality on the SL. The remote UE
may trigger the I-CHO in a case where the SL reception
quality derived from the measurement result is better
than a predetermined SL reception quality threshold.
[0323] The predetermined SL reception quality thresh-
old and/or the predetermined offset disclosed above may
be included in the configurations of the I-CHO execution
conditions. A measurement event for the I-CHO may be
provided. The predetermined SL reception quality
threshold and/or the predetermined offset may be con-
figured as the measurement event for the I-CHO. The
measurement event for the I-CHO may be included as
the configurations of the I-CHO execution conditions.
Thus, the remote UE can determine to which T-gNB the
HO is to be performed by using the SL reception quality
from the relay UE connected to the T-gNB as an HO
destination.
[0324] The remote UE executes HO via the relay UE

59 60 



EP 4 301 045 A1

32

5

10

15

20

25

30

35

40

45

50

55

to, among the T-gNBs as candidates for the HO destina-
tion, the T-gNB connected to the relay UE that satisfied
an I-CHO triggering condition first. Specifically, the re-
mote UE performs the PC5 connection to the relay UE
that satisfied the I-CHO triggering condition first among
the T-gNBs as candidates for the HO destination. The
remote UE notifies the T-gNB, via the relay UE, of RR-
CReconfigurationcomplete. Thus, the remote UE per-
forms the RRC connection to the T-gNB connected to
the relay UE that satisfied the I-CHO triggering condition
first.
[0325] As the configurations of the I-CHO execution
conditions, information may be included in which the I-
CHO execution conditions of the T-gNB to be a candidate
for the HO destination are associated. Information about
the T-gNB as a candidate for the HO destination may be
included as the I-CHO execution condition configuration.
Information for identifying the T-gNB may be included as
the information about the T-gNB as a candidate for the
HO destination. RRC configuration information used for
communication with the remote UE may be included as
the information about the T-gNB as a candidate for the
HO destination.
[0326] Information about the relay UE connected to the
T-gNB as a candidate for the HO destination may be
included as the I-CHO execution condition configuration.
A configuration for the PC5 communication between the
remote UE and the relay UE may be included as the
information about the relay UE. As the configuration for
the PC5 communication between the remote UE and the
relay UE, the configurations disclosed in the first embod-
iment and the first modification of the first embodiment
may be appropriately applied. Examples of the configu-
ration include the configuration for the PC5 communica-
tion from the remote UE to the relay UE and/or the con-
figuration for the PC5 communication from the relay UE
to the remote UE and/or information on the DRB config-
uration between the remote UE and the relay UE. Infor-
mation for identifying the relay UE may be included as
the information about the relay UE.
[0327] The S-gNB preferably notifies the remote UE of
the I-CHO execution condition configuration of one or a
plurality of T-gNBs to be candidates for the HO destina-
tion by using RRC signaling. The notification may be per-
formed, for example, by including the I-CHO execution
condition configuration in an RRCReconfiguration mes-
sage. The notification may be performed via relay UE #1.
With the use of RRC signaling, for example, a notification
of more information can be performed, so that information
about a plurality of T-gNBs to be candidates for the HO
destination can be included. Thus, the remote UE can
receive the I-CHO execution condition configuration of
one or a plurality of T-gNBs to be candidates for the HO
destination.
[0328] The remote UE that has completed the config-
urations of the I-CHO execution conditions of the T-gNBs
received from the S-gNB may notify the S-gNB, via relay
UE #1, of an RRCReconfigurationcomplete message.

The S-gNB that has received the message can recognize
that the remote UE has completed the configurations of
the I-CHO execution conditions of the T-gNBs.
[0329] The remote UE evaluates the I-CHO execution
conditions. As a result of the evaluation of the I-CHO
execution conditions by the remote UE, the I-CHO is trig-
gered to the T-gNB connected to the relay UE satisfying
the conditions. The remote UE performs a PC5 connec-
tion process on the relay UE satisfying the I-CHO exe-
cution conditions. In a case where only the relay UE being
PC5-connected in advance is employed as the relay UE
as a candidate for the connection destination in the I-
CHO, the PC5 connection process may be skipped.
Thus, an HO processing time can be shortened.
[0330] The remote UE notifies the T-gNB as a candi-
date for the HO destination to which the relay UE is con-
nected, via the relay UE satisfying the I-CHO execution
conditions, of an RRC configuration complete message.
An RRCReconfigurationcomplete message may be
used. The T-gNB that has received the message can
recognize that the remote UE has succeeded in the RRC
connection via relay UE #2.
[0331] The T-gNB that has completed the RRC con-
nection to the remote UE notifies the S-gNB of HO suc-
cess. The notification may be performed by using an HO
success message. As information to be included in the
HO success message, information about the remote UE
as the HO target, information indicating via which relay
UE the connection has been established, information
about the PC5 communication between the remote UE
and the relay UE, and the like may be included. Thus,
the S-gNB can recognize when the remote UE satisfied
the I-CHO execution conditions and completed the con-
nection to the T-gNB via the relay UE.
[0332] A method will be disclosed in which the remote
UE stops communication with the S-gNB via the relay
UE. In a case of detecting the relay UE satisfying the I-
CHO execution conditions, the remote UE may stop the
communication with the S-gNB. Thus, a communication
process with the S-gNB can be stopped at an early stage,
and the power consumption of the remote UE can be
reduced.
[0333] As another method, in a case of completing the
PC5 connection with the relay UE satisfying the I-CHO
execution conditions, the remote UE may stop the com-
munication with the S-gNB. Thus, communication with
the S-gNB can be continued even if the PC5 connection
with the relay UE fails. In a case where the remote UE
fails in the PC5 connection with the relay UE, the PC5
connection process may be performed on the same relay
UE again. Alternatively, in the case where the remote UE
fails in the PC5 connection with the relay UE, it is pref-
erable to continuously perform or perform again the I-
CHO execution condition evaluation, and subsequently
perform the PC5 connection process with the relay UE
satisfying the I-CHO execution conditions. Thus, the PC5
communication with the relay UE can be securely per-
formed.
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[0334] As another method, in a case of completing the
connection with the T-gNB via the relay UE satisfying the
I-CHO execution conditions, the remote UE may stop the
communication with the S-gNB. A timing at which it is
determined that the connection with the T-gNB is com-
pleted may be a time point when the notification of the
RRCReconfigurationcomplete message is completed. In
a case where the notification of the RRCReconfiguration-
complete message has failed, the notification of the RRC
configuration complete message may be performed
again to the same T-gNB. It is possible to connect to the
same T-gNB when the notification is completed. Alterna-
tively, the I-CHO execution condition evaluation may be
continuously performed or performed again, and subse-
quently the notification of the RRC configuration com-
plete message may be performed to the T-gNB via the
relay UE satisfying the I-CHO execution conditions. It is
possible to connect to the T-gNB when the notification is
completed. Thus, the communication with the S-gNB can
be stopped after the remote UE is securely connected to
the T-gNB as the HO destination. In addition, the robust-
ness of the HO process of the remote UE via the relay
UE can be improved.
[0335] A method will be disclosed in which the S-gNB
stops communication with the remote UE via the relay
UE. In a case of receiving the HO success message from
the T-gNB, the S-gNB stops transmission and reception
to and from the remote UE via the relay UE. The config-
uration for the communication with the remote UE may
be released. As a method in which the S-gNB stops com-
munication with the remote UE, the method in the I-DAPS
HO disclosed in the second modification of the first em-
bodiment may be appropriately applied. Thus, a commu-
nication process with the S-gNB can be stopped, unnec-
essary processes performed by the S-gNB can be re-
duced, and power consumption can be reduced.
[0336] A method will be disclosed in which relay UE
#1 stops a relay process for communication between the
remote UE and the S-gNB. In a case of receiving the HO
success message from the T-gNB, the S-gNB notifies
relay UE #1 of a message for stopping transmission and
reception between the remote UE and the S-gNB. An HO
success message may be used as the message. Relay
UE #1 that has received the message stops transmission
and reception between the remote UE and the S-gNB.
The configuration for the communication between the re-
mote UE and the S-gNB may be released. As a method
in which relay UE #1 stops communication between the
remote UE and the S-gNB, the method in the I-DAPS HO
disclosed in the second modification of the first embod-
iment may be appropriately applied. Thus, unnecessary
processes performed by the relay UE can be reduced,
and power consumption can be reduced.
[0337] A method for transferring data in the I-CHO of
the remote UE via the relay UE will be disclosed. In a
case of receiving the HO success message from the T-
gNB, the S-gNB transfers an SN status to the T-gNB. An
SN Status Transfer message may be used for the trans-

fer. UL data information that needs to be transmitted
again from the remote UE to the T-gNB may be included
as the SN status. DL data information to be newly trans-
mitted from the T-gNB to the remote UE may be included
as the SN status. As the UL data information and the DL
data information, information on PDCP SN to be added
to data may be used. Thus, the T-gNB can recognize
which data should be transmitted and received to and
from the remote UE.
[0338] After transferring the SN status, the S-gNB
transfers data to the T-gNB. The data may be DL data.
In a case where the S-gNB holds DL data that cannot yet
be transmitted to the remote UE, the S-gNB may transfer
the DL data. The S-gNB may transfer DL data received
from the UPF after transferring the SN status.
[0339] The T-gNB transmits the data transferred from
the S-gNB to the relay UE. The relay UE may be a relay
UE as a candidate for the connection destination of the
remote UE. The T-gNB may transmit the data transferred
from the S-gNB to the relay UE before receiving the RRC
configuration complete message from the remote UE.
Thus, the T-gNB can perform data transmission to the
relay UE at an earlier stage. Relay UE #2 may transmit
the data received from the T-gNB to the remote UE after
completing the PC5 connection to the remote UE. Thus,
the relay UE can perform data transmission to the remote
UE at an earlier stage. In addition, it is possible to perform
data transmission from the T-gNB to the remote UE at
an earlier stage.
[0340] The T-gNB may transmit the data transferred
from the S-gNB to the remote UE after receiving the RRC
configuration complete message from the remote UE.
The data may be transmitted via relay UE #2. The RRC
configuration complete message may be RRCReconfig-
urationcomplete. By transmitting data after completion
of the RRC connection between the remote UE and the
T-gNB, it is possible to start data transmission from the
T-gNB to the remote UE without fail.
[0341] By a path switch process from the S-gNB to the
T-gNB between the T-gNB and a CN node, the UPF starts
DL data transmission to the T-gNB. The T-gNB preferably
transmits DL data from the UPF to the remote UE.
[0342] The remote UE performs the PC5 connection
to relay UE #2 satisfying the I-CHO execution conditions,
and then transmits data to relay UE #2. The remote UE
may transmit the data to relay UE #2 before transmitting
the RRC configuration complete message to the T-gNB.
Thus, the remote UE can perform data transmission to
relay UE #2 at an earlier stage. In a case where relay UE
#2 is connected to the T-gNB, relay UE #2 may transmit
the data received from the remote UE to the T-gNB. Thus,
relay UE #2 can perform data transmission to the T-gNB
at an earlier stage. In addition, it is possible to perform
data transmission from the remote UE to the T-gNB at
an earlier stage.
[0343] The remote UE may transmit data to the T-gNB
after transmitting the RRC configuration complete mes-
sage to the T-gNB. The data may be transmitted via relay
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UE #2. The RRC configuration complete message may
be RRCReconfigurationcomplete. By transmitting data
after completion of the RRC connection between the re-
mote UE and the T-gNB, it is possible to perform data
transmission from the remote UE to the T-gNB without
fail.
[0344] The S-gNB may transfer data to one or a plu-
rality of T-gNBs as candidates for the HO destination
before receiving the HO success message from the T-
gNB. The start of the data transfer performed by the S-
gNB before receiving the HO success message from the
T-gNB may be triggered in a case where the S-gNB no-
tifies the remote UE as the HO target of the I-CHO exe-
cution condition configuration. Not limited to the notifica-
tion of the I-CHO execution condition configuration, an
I-CHO instruction may be used as a trigger for starting
the data transfer. Alternatively, the start of the data trans-
fer may be triggered in a case where the S-gNB receives
the RRC configuration complete message for the I-CHO
execution condition configuration from the remote UE.
[0345] A method for transferring data before receiving
the HO success message from the T-gNB will be dis-
closed. The S-gNB transfers an SN status to one or a
plurality of T-gNBs as candidates for the HO destination
before receiving the HO success message from the T-
gNB. SN Status Transfer may be used for the transfer.
Early Status Transfer may be used. SN and/or Hyper
Frame Number (HFN) information of DL data to be trans-
ferred first to one or a plurality of T-gNBs as candidates
for the HO destination may be included as the SN status.
[0346] After transferring the SN status, the S-gNB
transfers data to the T-gNB. DL data may be transferred
as the data. In a case where the S-gNB holds DL data
that cannot yet be transmitted to the remote UE, the S-
gNB may transfer the DL data. The S-gNB may transfer
DL data received from the UPF after transferring the SN
status.
[0347] The S-gNB may perform transmission of Early
Status Transfer and transfer of data to one T-gNB as a
candidate for the HO destination or some of a plurality
of T-gNBs as candidates for the HO destination. For ex-
ample, two relay UEs that are likely to be connection
destinations in HO may be selected, and the transmission
of Early Status Transfer and the transfer of the data may
be performed only to the T-gNBs connected to the two
relay UEs. In that case, the amount of signaling and the
amount of data to be transferred can be reduced.
[0348] Thus, the S-gNB can transfer data to one or a
plurality of T-gNBs as candidates for the HO destination
at an earlier stage. Therefore, if the T-gNB to which the
data has transferred is employed as the HO destination,
the data has already been transferred to the T-gNB, so
that the T-gNB can transmit the data to the remote UE
at an early stage.
[0349] The S-gNB does not stop allocating the PDCP
SN to the DL data until transmitting the SN status to the
T-gNB from which the HO success message has been
received. In addition, the S-gNB does not stop transmit-

ting the DL data to the remote UE until the HO success
message is received. Furthermore, the S-gNB need not
stop receiving the UL data from the remote UE until the
HO success message is received. Thus, the remote UE
can continue to perform transmission and reception to
and from the S-gNB until the remote UE determines the
relay UE satisfying the I-CHO execution conditions and
starts the PC5 connection to the relay UE.
[0350] The S-gNB that has received the HO success
message from the T-gNB notifies, among the T-gNBs
that have been notified of the HO request message as
candidates for the HO destination, T-gNBs other than the
T-gNB determined as the HO destination of cancel of the
HO. The S-gNB may notify the T-gNB determined as the
HO destination of cancel of the HO to the cells as can-
didates for the HO destination other than a cell deter-
mined as the HO destination. The notification may be
performed by using an HO cancel message.
[0351] The HO cancel message may include informa-
tion about the remote UE to be the HO target. Information
for identifying the remote UE may be included as the
information about the remote UE. The HO cancel mes-
sage may include information about the T-gNBs (which
may be the cells) to be targets of the cancel of the HO.
Information for identifying the T-gNBs (which may be the
cells) may be included as the information about the T-
gNBs (which may be the cells). The HO cancel message
may include information about the relay UE (relay UE #2)
as a connection destination. Information for identifying
relay UE #2 may be included as the information about
relay UE #2. The HO cancel message may include infor-
mation about the T-gNB (which may be the cell) to be
connected to the relay UE (relay UE #2) as the connection
destination. Information for identifying the T-gNB (which
may be the cell) may be included as the information about
the T-gNB.
[0352] Thus, by receiving the HO cancel message, the
T-gNBs that are employed as candidates for the HO des-
tination but are not employed as the HO destination and
the T-gNBs constituting the cells as candidates for the
HO destination other than the cell determined as the HO
destination can recognize the cancel of the HO and re-
lease the configuration for the HO. In addition, it is pos-
sible to notify the relay UEs of the HO cancel, which will
be disclosed later.
[0353] The T-gNBs that have received the HO cancel
notify the relay UEs as candidates for the connection
destination other than the relay UE (relay UE #2) as the
connection destination of the HO cancel. That is, the T-
gNBs notify the relay UEs as candidates for the connec-
tion destination to which respective T-gNBs are connect-
ed of the HO cancel. RRC signaling may be used for the
notification. A new RRC message for notifying the relay
UEs of the HO cancel may be provided. For example,
the RRC message may be an HO cancel message.
[0354] The HO cancel message to the relay UEs may
include information about the remote UE to be the HO
target. Information for identifying the remote UE may be
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included as the information about the remote UE. The
HO cancel message to the relay UEs may include infor-
mation about the T-gNBs (which may be the cells) to be
targets of the cancel of the HO. Information for identifying
the T-gNBs (which may be the cells) may be included as
the information about the T-gNBs (which may be the
cells). The HO cancel message to the relay UEs may
include information about the relay UE (relay UE #2) as
the connection destination. Information for identifying re-
lay UE #2 may be included as the information about relay
UE #2. The HO cancel message to the relay UEs may
include information about the T-gNB (which may be the
cell) to be connected to the relay UE (relay UE #2) as
the connection destination. Information for identifying the
T-gNB (which may be the cell) may be included as the
information about the T-gNB.
[0355] Information for identifying the C-IHO may be in-
cluded. That is, information for identifying the C-IHO may
be included in the relay request message to the relay
UEs as candidates for the connection destination in the
I-CHO. In addition, the HO cancel message to the relay
UEs as candidates for the connection destination may
include information for identifying the C-IHO to be can-
celed. As the information to be included in the HO cancel
message, the information for identifying the C-IHO in-
cluded in the relay request message is preferably used.
Thus, the relay UEs as candidates for the connection
destination can recognize which I-CHO to be cancelled
among the I-CHOs indicated by the information included
in the HO request message received from the T-gNB.
[0356] As described above, not the S-gNB but the T-
gNB notifies the relay UEs as candidates for the connec-
tion destination other than the relay UE as the connection
destination of the HO cancel, and thereby the relay UEs
as candidates for the connection destination can receive
the HO cancel.
[0357] The relay UEs as candidates for the connection
destination that have received the HO cancel message
cancel the I-CHO configuration of the remote UE. The
relay UEs may cancel the relay request message re-
ceived from the T-gNB. The relay UEs may cancel a relay
configuration by the relay request message received
from the T-gNB. The relay UEs may release the informa-
tion about the remote UE to be the HO target or the con-
figuration for the PC5 communication with the remote UE.
[0358] Thus, it is possible to release the configuration
for the I-CHO of the relay UEs that are employed as can-
didates for the connection destination but are not em-
ployed as the connection destination. In addition, unnec-
essary consumption of radio resources of the relay UEs
can be avoided.
[0359] FIG. 19 is a sequence diagram illustrating an
example of a method of I-CHO in the second embodi-
ment. In FIG. 19, steps common to those in FIG. 16 are
denoted by the same step numbers as those therein, and
a common description will be omitted. In steps ST1901,
ST1902, ST1903, and ST1933, a notification of I-CHO
capability is performed. That is, in step ST1901, relay UE

#1 notifies the S-gNB of the I-CHO capability. In step
ST1902, relay UE #2 notifies T-gNB #1 of the I-CHO ca-
pability. In step ST1933, relay UE #3 notifies T-gNB #2
of the I-CHO capability. In step ST1903, the remote UE
notifies the S-gNB, via relay UE #1, of the I-CHO capa-
bility. It is preferable to appropriately apply, as a notifica-
tion method of these, the method disclosed in the second
modification of the first embodiment. Consequently, the
S-gNB or the CN can recognize whether the remote UE
or the relay UE can perform the I-CHO.
[0360] In step ST1905, the S-gNB determines the I-
CHO for the remote UE. At that time, the S-gNB deter-
mines one or a plurality of relay UEs as candidates for
the connection destination in the I-CHO and one or a
plurality of T-gNBs as candidates for the HO destination.
In steps ST1906 and ST1926, the S-gNB notifies the de-
termined T-gNBs as candidates for the HO destination
of the HO request. In the example in FIG. 19, the S-gNB
determines T-gNB #1 and T-gNB #2 as candidates for
the HO destination in step ST1905, and notifies T-gNB
#1 and T-gNB #2 of the HO request message in steps
ST1906 and ST1926, respectively. The message may
include information indicating that it is a CHO request. In
steps ST1907 and ST1927, the T-gNBs as candidates
for the HO destination, that is, T-gNB #1 and T-gNB #2
notify the relay UEs as candidates for the connection
destination to which T-gNB #1 and T-gNB #2 are con-
nected of the relay request. Specifically, T-gNB #1 noti-
fies relay UE #2 of the relay request message in step
ST1907, and T-gNB #2 notifies relay UE #3 of the relay
request message in step ST1927. The relay request mes-
sage may include information about a CHO configuration.
Thus, relay UE #2 and relay UE #3 can recognize appli-
cation of the CHO to the remote UE and the configuration
information of the CHO. In steps ST1908 and ST1928,
respective relay UEs as candidates for the connection
destination notify the T-gNBs to which the relay UEs are
connected of a relay request response. Relay UE #2 no-
tifies T-gNB #1 of the relay request response, and relay
UE #3 notifies T-gNB #2 of the relay request response.
In steps ST1909 and ST1929, respective T-gNBs as can-
didates for the HO destination notify the S-gNB of the
HO request response. T-gNB #1 notifies the S-gNB of
the HO request response in step ST1909, and T-gNB #2
notifies the S-gNB of the HO request response in step
ST1929. It is preferable to appropriately apply, as respec-
tive methods for performing a notification of the HO re-
quest message, the relay request message, a relay re-
quest response message, and the HO request response
message, the methods disclosed in the first embodiment
and the first modification of the first embodiment.
[0361] The S-gNB that has received the HO request
response from each of the T-gNBs as candidates for the
HO destination notifies the remote UE of the CHO exe-
cution condition configuration in step ST1910. The S-
gNB performs the notification of the configuration via re-
lay UE #1. The S-gNB performs the notification of the
configuration, for example, by an RRCReconfiguration
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message of RRC signaling. The information as disclosed
above is preferably included as the CHO execution con-
dition configuration in the message. For example, infor-
mation about the relay UE as a connection destination
in the CHO, information about the T-gNB as a candidate
for the HO destination connected to the relay UE, and
information about each of the CHO execution conditions
are preferably included. Consequently, the remote UE
can evaluate the CHO execution conditions.
[0362] In step ST1930, the remote UE may notify the
S-gNB of an RRC configuration complete message. The
remote UE performs the notification of the message via
relay UE #1. Thus, the S-gNB can recognize that the
remote UE has performed the CHO execution condition
configuration. In addition, the occurrence of malfunction
of the CHO can be reduced.
[0363] The S-gNB may perform data transfer to one or
a plurality of T-gNBs among the T-gNBs as candidates
for the HO destination before receiving the HO success
message from the T-gNB. For example, the data transfer
may be performed to one T-gNB. By narrowing down the
number of transfer destinations to one, the amount of
data to be transferred can be reduced. In step ST1912,
the S-gNB determines the T-gNB as a destination of the
data transfer. In the example in FIG. 19, T-gNB #1 is
determined as the destination of the data transfer. In step
ST1913, the S-gNB transfers an SN status to T-gNB #1
as the destination of the data transfer. Early Status Trans-
fer may be used for the transfer. In step ST1914, the S-
gNB transfers data held by the buffer and data from the
UPF to T-gNB #1 as the destination of the data transfer.
The data may be DL data. As a transfer method of these,
the method disclosed in the second modification of the
first embodiment may be appropriately applied. In step
ST1915, T-gNB #1 buffers the data transferred from the
S-gNB.
[0364] The T-gNB may transfer the data transferred
from the S-gNB to the relay UE to be a candidate for the
connection destination of the remote UE. For example,
in the example in FIG. 19, T-gNB #1 may perform the
transfer to relay UE #2. Relay UE #2 preferably buffers
the data transferred from T-gNB #1. Thus, in a case
where relay UE #2 is employed as the relay UE as a
connection destination of the remote UE, relay UE #2
can transmit the data received from T-gNB #1 to the re-
mote UE at an early stage.
[0365] In step ST1931, the remote UE evaluates the
I-CHO execution conditions. In step ST1932, the remote
UE determines the relay UE that satisfies the CHO exe-
cution conditions as the relay UE as the connection des-
tination. In addition, the remote UE determines the T-
gNB connected to the relay UE as the T-gNB as the HO
destination. Here, relay UE #2 is determined as the con-
nection destination, and T-gNB #1 is determined as the
HO destination. The remote UE that has determined the
HO destination may stop the communication with the S-
gNB. The configuration for the communication may be
released. The communication with relay UE #1 for com-

munication with the S-gNB may be stopped. The config-
uration for the communication may be released.
[0366] The remote UE that has determined relay UE
#2 as the connection destination in step ST1932 estab-
lishes the PC5 connection with relay UE #2 in step
ST1411. In step ST1916, the remote UE notifies T-gNB
#1 determined as the HO destination, via relay UE #2,
of an HO configuration change complete message. T-
gNB #1 that has received the HO configuration change
complete message from the remote UE notifies the S-
gNB of an HO success message in step ST1718. In step
ST1719, the S-gNB notifies relay UE #1 of the HO source
relay configuration release information. The notification
may be performed by using an HO success message.
That is, the S-gNB may include the HO source relay con-
figuration release information in the HO success mes-
sage and notify relay UE #1 of the HO success message.
In step ST1720, relay UE #1 stops transmission and re-
ception between the remote UE and the S-gNB, and re-
leases the configuration. Regarding these processes, it
is preferable to appropriately apply the method disclosed
in the second modification of the first embodiment.
[0367] The S-gNB that has received the HO success
message from T-gNB #1 in step ST1718 notifies the T-
gNB connected to the relay UE as a candidate for the
connection destination that has not been determined as
the relay UE as the connection destination of an HO can-
cel message in step ST1917. In the example in FIG. 19,
T-gNB #2 is notified of the HO cancel message. In a case
where the data has been transferred from the S-gNB in
advance, T-gNB #2 that has received the HO cancel mes-
sage may discard the transferred data. In step ST1918,
T-gNB #2 notifies the relay UE as a candidate for the
connection destination that has not been determined as
the connection destination and is connected to T-gNB
#2, that is, relay UE #3, of a relay cancel message. Thus,
the relay UE as a candidate for the connection destination
that has not been determined as the connection destina-
tion (here, relay UE #3) can recognize that the remote
UE has been connected to another relay UE. In addition,
it is possible to recognize that relay UE #3 has not been
employed as the relay UE as the connection destination
in the I-CHO. Relay UE #3 that has received the relay
cancel message releases the I-CHO configuration. In a
case where the data has been transferred from T-gNB
#2 in advance, relay UE #3 that has received the relay
cancel message may discard the transferred data. Thus,
it is possible to reduce unnecessary consumption of radio
resources in relay UE #3 that has not been employed as
the connection destination.
[0368] Thus, in the HO of the remote UE via the relay
UE, a plurality of relay UEs as connection destinations
can be configured, and a plurality of T-gNBs as HO des-
tinations can be configured. In other words, it is possible
to perform I-CHO that involves communication between
the remote UE and the gNB via the relay UE. In the HO
of the remote UE via the relay UE, the relay UE as a
connection destination and the T-gNB as an HO desti-
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nation are determined from a plurality of options, so that
robustness in the HO process can be improved.

Third Embodiment.

[0369] There may be a case where an HO process of
a relay UE is performed by movement of the relay UE or
the like in a state where the relay UE is connected to a
remote UE. Regarding how to perform a connection proc-
ess between the remote UE and an NW in a case where
such HO of the relay UE occurs while the remote UE
communicates with the NW via the relay UE, there is no
disclosure in Non Patent Literatures 1 to 27 and other
documents.
[0370] The third embodiment discloses a method for
performing a connection process between the remote
UE and the NW involved with HO of the relay UE.
[0371] In a communication system according to the
third embodiment, in a case where the relay UE is con-
nected to the remote UE, the relay UE does not perform
an HO process even when movement or the like occurs.
That is, the relay UE being PC5-connected to the remote
UE need not perform the HO process. The relay UE per-
forming a relay process of communication between the
remote UE and a gNB need not perform the HO process.
The relay UE declares a radio link failure (RLF) when
quality of communication with the gNB deteriorates due
to movement, for example. By the RLF, before releasing
the RRC connection with the gNB, the relay UE performs
a cell selection or cell reselection process to detect a
connectable cell, and performs an RRC establishment
process on the cell. The relay UE that has failed in the
cell detection within a predetermined timer releases the
RRC connection with the gNB. In addition, the relay UE
performs cell selection or cell reselection again, performs
the RRC establishment process on the detected cell, and
performs the RRC connection. RRCestablishment may
be executed as the RRC establishment process. Thus,
the relay UE can be connected to the gNB again without
performing HO.
[0372] In a case where the relay UE has declared RLF
or has performed release of RRC connection, the remote
UE releases the RRC connection with the gNB connected
via the relay UE. The relay UE may notify the remote UE
of the RLF or the release of the RRC connection with the
gNB. The remote UE that has received the notification
can recognize that the relay UE has declared the RLF or
has performed the release of the RRC connection with
the gNB. Thus, the remote UE can release the RRC con-
nection with the gNB connected via the relay UE.
[0373] The remote UE may maintain an RRC-connect-
ed state for a predetermined period after receiving, from
the relay UE, the notification of the RLF or the release of
the RRC connection with the gNB. Thus, in a case where
the relay UE returns to the RRC-connected state with the
gNB previously connected during the predetermined pe-
riod, the remote UE can maintain the connected state
with the gNB. The predetermined period may be man-

aged by a timer. As a release process of the RRC con-
nection with the gNB connected via the relay UE, the
remote UE may reset or release a buffer and a protocol
used for communication with the gNB. Consequently, it
is possible to avoid unnecessary consumption of radio
resources in the remote UE.
[0374] In a case where the gNB connected to the re-
mote UE via the relay UE determines that the RRC con-
nection with the relay UE has been released, the gNB
may release the RRC connection with the remote UE.
The determination of release of the RRC connection with
the relay UE may be made in a case where communica-
tion does not occur for a predetermined period. The pre-
determined period may be managed by a timer. As a
release process of the RRC connection with the remote
UE, the gNB may reset or release a buffer and a protocol
used for communication with the remote UE. Conse-
quently, it is possible to avoid unnecessary consumption
of radio resources in the gNB.
[0375] After the relay UE is connected to the gNB
again, the remote UE may perform the RRC establish-
ment process on the gNB. The relay UE may notify the
remote UE of an RRC state after establishing the RRC
connection with the gNB. Consequently, the remote UE
can recognize whether the relay UE has established the
RRC connection with the gNB. Thus, the remote UE can
communicate with the gNB again via the relay UE.
[0376] Regarding the method for performing a connec-
tion process between the remote UE and the NW involved
with HO of the relay UE, another method will be disclosed.
HO between gNBs is enabled even in a case where the
relay UE is connected to the remote UE. That is, the relay
UE may perform the HO between gNBs. The relay UE
being PC5-connected to the remote UE may perform the
HO process. The relay UE performing a relay process of
communication between the remote UE and the gNB may
perform the HO process.
[0377] A process of the remote UE in a case where the
relay UE performs HO will be disclosed. The remote UE
performs the HO to the gNB as an HO destination of the
relay UE. The remote UE may change a gNB to be con-
nected to the gNB as the HO destination of the relay UE.
The remote UE preferably performs the HO together with
the HO of the relay UE. In the case of the HO of the relay
UE, the HO of the remote UE may be permitted only to
the gNB as the HO destination of the relay UE. These
processes may be limited to a case where the remote
UE is connected to the gNB via the relay UE.
[0378] A method will be disclosed in which the remote
UE performs HO to the gNB as the HO destination of the
relay UE.
[0379] FIG. 20 is a sequence diagram illustrating an
example of a method in which the remote UE performs
HO to the gNB as the HO destination of the relay UE in
the third embodiment. In step ST2001, the remote UE
performs data communication with the S-gNB and the
CN via the relay UE.
[0380] In step ST2002, the S-gNB notifies the relay UE
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of a measurement configuration. In step ST2003, the S-
gNB receives a measurement report from the relay UE.
In step ST2004, the S-gNB determines HO of the relay
UE by using, for example, the measurement report from
the relay UE. In step ST2005, the S-gNB notifies the T-
gNB of an HO request of the relay UE. The notification
may be performed by using an HO request message.
The S-gNB may notify the T-gNB of an HO request of
the remote UE together with the HO request message of
the relay UE, or may include the HO request of the remote
UE in the HO request message of the relay UE to notify
the T-gNB thereof. Thus, the T-gNB can recognize that
the HO request of the remote UE has been made together
with the HO request of the relay UE.
[0381] The T-gNB that has received the HO request of
the relay UE and the HO request of the remote UE per-
forms admission control of the relay UE and admission
control of the remote UE. The T-gNB performs an RRC
configuration for the relay UE and the remote UE. In step
ST2006, the T-gNB notifies the S-gNB of an HO request
response message of the relay UE. The HO request re-
sponse message of the relay UE may include the RRC
configuration for the relay UE. The T-gNB performs a
notification of the HO request response of the remote UE
together with the HO request response message to the
relay UE, or by including the HO request response of the
remote UE in the HO request response message to the
relay UE. The RRC configuration of the remote UE may
be included in the HO request response of the remote UE.
[0382] In step ST2007, the S-gNB notifies the remote
UE of an RRC message for changing the RRC configu-
ration (which may be an HO instruction) to the T-gNB.
The S-gNB performs the notification of the RRC message
via the relay UE. An RRCReconfiguration message may
be used as the RRC message. The RRC message may
include the RRC configuration of the remote UE config-
ured by the T-gNB. Thus, the remote UE can receive the
RRC configuration configured by the T-gNB. The remote
UE that has received the RRC message and performed
the RRC configuration may notify the S-gNB of RR-
CReconfigurationComplete in step ST2008. The remote
UE may perform the notification via the relay UE. Thus,
the S-gNB can recognize that the remote UE has per-
formed the RRC configuration.
[0383] In step ST2011, the S-gNB notifies the relay UE
of an RRC message for changing the RRC configuration
to the T-gNB. In a case where the S-gNB has notified the
remote UE of the RRC message to the T-gNB in step
ST2007 described above, the S-gNB may also notify the
relay UE of the RRC message. The RRCReconfiguration
may be used as the RRC message. The S-gNB may in-
clude the RRC configuration of the relay UE configured
by the T-gNB in the RRC message which the relay UE
is to be notified of. Thus, the relay UE can receive the
RRC configuration configured by the T-gNB.
[0384] The relay UE that has received the notification
stops communication with the S-gNB. The configuration
for the communication with the S-gNB may be released.

The relay UE that has stopped the communication with
the S-gNB notifies the T-gNB of an RRC configuration
change complete message in step ST2013. Thus, the
relay UE can notify the T-gNB of RRC configuration com-
plete. The T-gNB can recognize that the relay UE has
performed the RRC configuration. Consequently, com-
munication between the relay UE and the T-gNB can be
performed.
[0385] The remote UE that has received, from the S-
gNB, the RRC message for changing the RRC configu-
ration to the T-gNB in step ST2007 described above does
not immediately stop the communication with the S-gNB.
The remote UE need not stop the communication with
the relay UE for the communication with the S-gNB. The
remote UE that has received, from the S-gNB, an RRC
configuration change message to the T-gNB need not
immediately transmit the RRC configuration change
complete message regarding the T-gNB. The RRC con-
figuration change complete message may be RR-
CReconfigurationcomplete.
[0386] The relay UE may notify the remote UE of an
RRC state message regarding the gNB. Information in-
dicating a change of the gNB to be RRC-connected may
be included in the RRC state message regarding the
gNB. Information for identifying the gNB after the change
may be included. Information for identifying the gNB be-
fore the change may be included. The RRC state mes-
sage may include RRC connection complete regarding
the T-gNB. The relay UE that has performed the notifi-
cation of the RRC configuration complete regarding the
T-gNB notifies the remote UE of the RRC state message
including the RRC connection complete regarding with
the T-gNB in step ST2014.
[0387] The remote UE that has received the notification
stops the communication with the S-gNB. The remote
UE may stop the communication with the relay UE for
the communication with the S-gNB. The configuration for
the communication with the S-gNB may be released. The
remote UE that has stopped the communication with the
S-gNB transmits, to the T-gNB via the relay UE, an RRC
configuration change complete message in step ST2015.
Thus, the remote UE can notify the T-gNB as the HO
destination of the relay UE, via the relay UE, of the RRC
configuration complete. The T-gNB can recognize that
the remote UE has performed the RRC configuration.
Consequently, in step ST2016, data communication can
be performed between the remote UE and the T-gNB via
the relay UE.
[0388] In a case where procedures from the reception
of the RRC message for changing the RRC configuration
to the T-gNB to the success of the notification of the RRC
configuration complete message to the T-gNB are not
performed within a predetermined time by the remote
UE, for example, the remote UE preferably performs an
HO failure process on the T-gNB. The predetermined
time may be set as a timer. The remote UE resets the
timer when the notification of the RRC configuration com-
plete message to the T-gNB succeeds within the timer.
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The predetermined time may be statically determined in
advance in a standard or the like, or the gNB, for example,
the S-gNB may notify the remote UE of the predetermined
time in advance. RRC signaling may be used for the no-
tification. The timer may be a timer in a case of connecting
to the gNB via the relay UE. The timer may be different
from a timer in a case of directly connecting to the gNB.
In that case, a flexible configuration can be performed.
Alternatively, the timer in the case of connecting to the
gNB via the relay UE may be the same as the timer in
the case of directly connecting to the gNB. In that case,
processes can be simplified.
[0389] The T-gNB that has received the RRC config-
uration complete message from the relay UE performs a
path switch process for the relay UE between the CN and
the T-gNB. Thus, the path switch process from the S-
gNB to the T-gNB for the relay UE can be performed.
The UPF can transmit, to the T-gNB, DL data directed to
the relay UE. Data communication can be performed be-
tween the relay UE and the UPF. In addition, the T-gNB
that has received the RRC configuration complete mes-
sage from the remote UE performs a path switch process
for the remote UE between the CN and the T-gNB. Thus,
the path switch process from the S-gNB to the T-gNB
can be performed on the remote UE. The UPF can trans-
mit, to the T-gNB, DL data directed to the remote UE.
Data communication can be performed between the re-
mote UE and the UPF.
[0390] Another method for performing the path switch
process will be disclosed. In a case where the T-gNB has
received the RRC configuration complete messages
from the relay UE and the remote UE, the T-gNB may
perform the path switch process on the relay UE and the
remote UE between the CN and the T-gNB. In that case,
the T-gNB preferably includes the information about the
communication of the relay UE and the information about
the communication of the remote UE in a path switch
request message to the AMF. The AMF preferably in-
cludes the information about the communication of the
relay UE and the information about the communication
of the remote UE in a path switch request message to
the UPF. In addition, the information about the commu-
nication of the relay UE and the communication of the
remote UE may be included in a path switch request re-
sponse message from the UPF to the AMF. Furthermore,
the information about the communication of the relay UE
and the information about the communication of the re-
mote UE may be included in a path switch request re-
sponse message from the AMF to the T-gNB. The T-gNB
notifies the S-gNB of release of a context of the relay UE
and release of a context of the remote UE. The notifica-
tion may be performed by including these in the same
message. Consequently, the S-gNB can release the con-
text of the relay UE and release the context of the remote
UE.
[0391] Thus, the UPF can perform the path switch
process to the T-gNB for the communication of the relay
UE and the communication of the remote UE. In addition,

the UPF can transmit, to the T-gNB, DL data directed to
the relay UE and the remote UE. Furthermore, data com-
munication can be performed between the relay UE and
the UPF, and data communication can be performed be-
tween the remote UE and the UPF. Moreover, thus, the
amount of signaling can be reduced.
[0392] The example in FIG. 20 discloses a method in
which the T-gNB performs the path switch process on
the relay UE and the remote UE between the CN and the
T-gNB in a case where the T-gNB has received the RRC
configuration complete messages from the relay UE and
the remote UE. Specifically, in step ST2017, the T-gNB
performs the path switch process between the CN and
the T-gNB. Consequently, path switching can be per-
formed between the relay UE and the remote UE. In ad-
dition, in step ST2019, data communication can be per-
formed between the remote UE, via the relay UE, and
the T-gNB and the CN. In step ST2018, the T-gNB notifies
the S-gNB of release of UE contexts of the relay UE and
the remote UE. Consequently, the release of the UE con-
texts of the relay UE and the remote UE can be per-
formed.
[0393] The S-gNB may perform a transfer process of
data in the communication between the remote UE and
the UPF to the T-gNB, when the S-gNB notifies the re-
mote UE of the RRC configuration change to the T-gNB
or notifies the relay UE of the RRC configuration change
to the T-gNB, whichever is later. In addition, the S-gNB
may perform a transfer process of data in communication
(if any) between the relay UE and the UPF to the T-gNB.
[0394] As another method, the S-gNB may perform the
transfer process of data in the communication between
the remote UE and the UPF to the T-gNB, when the S-
gNB notifies the remote UE of the RRC configuration
change to the T-gNB or notifies the relay UE of the RRC
configuration change to the T-gNB, whichever is earlier.
In addition, the S-gNB may perform the transfer process
of data in communication (if any) between the relay UE
and the UPF for the T-gNB. The above is preferably ap-
plied to a case where the remote UE performs HO to the
gNB as the HO destination of the relay UE. Thus, it is
possible to perform the transfer process of data in the
communication between the remote UE and the UPF and
the transfer process of data in the communication (if any)
between the relay UE and the UPF to the T-gNB at an
early stage.
[0395] As another method, the S-gNB may perform the
transfer process of data in the communication between
the remote UE and the UPF to the T-gNB when notifying
the remote UE of the RRC configuration change to the
T-gNB, or the S-gNB may perform the transfer process
of data in the communication (if any) between the relay
UE and the UPF to the T-gNB when notifying the relay
UE of the RRC configuration change to the T-gNB. The
S-gNB preferably transfers data received from the UPF,
as well. Thus, it is possible to perform the transfer process
of data in the communication between the remote UE
and the UPF to the T-gNB at an early stage. In addition,
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since the transfers are performed at individual timings,
malfunction can be reduced.
[0396] In the case of FIG. 20, in step ST2009, the S-
gNB transfers an SN status to the T-gNB. The SN status
may be transferred by using SN Status Transfer. In step
ST2010, the S-gNB transfers data to the T-gNB.
[0397] In step ST2012, the T-gNB buffers the data
transferred from the S-gNB. The T-gNB starts transmis-
sion and reception of DL data and/or UL data to and from
the remote UE with the reception of the RRC configura-
tion complete message from the relay UE or the reception
of the RRC configuration complete message from the
remote UE, whichever is later, as a trigger. In the example
in FIG. 20, with the reception of the RRC configuration
complete message from the remote UE in step ST2015
as a trigger, the T-gNB starts data transmission and re-
ception to and from the remote UE in step ST2016. After
starting the data transmission and reception, the T-gNB
may transmit the buffered data. Thus, data transmission
and reception between the remote UE and the T-gNB via
the relay UE can be performed.
[0398] In a case where the S-gNB notifies the remote
UE of the RRC configuration change before notifying the
relay UE of the RRC configuration change, and the SN
status transfer and the data transfer to the T-gNB are
performed in response to the RRC configuration change
which the S-gNB notifies the relay UE of, the S-gNB may
perform transmission and reception, to and from the relay
UE, of the DL data and/or the UL data to and from the
remote UE until performing the data transfer. The relay
UE may transmit and receive the DL data and/or the UL
data to and from the remote UE.
[0399] In a case of receiving the RRC configuration
change from the S-gNB, the relay UE preferably stops
the DL data transmission to the remote UE. Consequent-
ly, the relay UE does not need to transmit, to the S-gNB,
feedback information such as a PDCP Status report for
the DL data transmission to the remote UE. That is, a
feedback process can be simplified. In addition, process-
es performed by the relay UE can be reduced.
[0400] In a case of receiving the RRC configuration
change from the S-gNB, the relay UE may stop reception
of the UL data from the remote UE. As another method,
in the case of receiving the RRC configuration change
from the S-gNB, the relay UE may continue the reception
of the UL data from the remote UE. The relay UE may
buffer the UL data received from the remote UE during
the HO. After performing a notification of the RRC con-
figuration complete to the T-gNB, the relay UE transmits
the UL data received from the remote UE to the T-gNB.
Thus, it is possible to reduce latency until the UL data
transmission from the remote UE to the T-gNB can be
performed.
[0401] In a case where the relay UE performs the
DAPS HO, the DAPS HO of the remote UE may be per-
formed concomitantly therewith. The remote UE prefer-
ably activates both protocol stacks for communication
with the S-gNB and for communication with the T-gNB

via the relay UE. Regarding the DAPS HO of the remote
UE via the relay UE, it is preferable to appropriately apply
the method disclosed in the second modification of the
first embodiment.
[0402] Another method will be disclosed in which the
remote UE performs the HO to the gNB as the HO des-
tination of the relay UE. In the another method, after the
HO of the relay UE is completed, the HO of the remote
UE is performed.
[0403] FIG. 21 is a sequence diagram illustrating an-
other example of the method in which the remote UE
performs the HO to the gNB as the HO destination of the
relay UE in the third embodiment. The example in FIG.
21 discloses a method for performing the HO of the re-
mote UE after the HO of the relay UE is completed. In
FIG. 21, steps common to those in FIG. 20 are denoted
by the same step numbers as those therein, and a com-
mon description will be omitted.
[0404] The S-gNB that has received the HO request
response message from the T-gNB in step ST2006 no-
tifies the relay UE of the RRC configuration change mes-
sage in step ST2011, and performs the HO of the relay
UE. In step ST2011 and subsequent steps ST2009 to
ST2013, the HO of the relay UE is performed. The T-gNB
that has received the RRC configuration complete mes-
sage from the relay UE in step ST2013 notifies the remote
UE of an RRC configuration change message in step
ST2101. The notification of the message is preferably
performed via the relay UE. Consequently, the remote
UE can perform the RRC configuration for the commu-
nication between the remote UE and the T-gNB config-
ured by the T-gNB. The remote UE performs the RRC
configuration in accordance with the RRC configuration
change message received from the T-gNB, and notifies
the T-gNB of the RRC configuration complete message
in step ST2015. The notification of the message is pref-
erably performed via the relay UE. Consequently, the T-
gNB can recognize that the remote UE has completed
the RRC configuration, and can recognize that commu-
nication can be performed.
[0405] As described above, by performing the HO of
the remote UE after the completion of the HO of the relay
UE, it is possible to avoid complication of timings of per-
forming the HO processes performed by the remote UE
and the relay UE. Therefore, malfunction in the HO proc-
esses can be reduced, and the robustness of the HO
processes can be improved.
[0406] Another method will be disclosed in which the
remote UE performs the HO to the gNB as the HO des-
tination of the relay UE. In the another method, the relay
UE notifies the remote UE of the RRC configuration of
the T-gNB.
[0407] FIG. 22 is a sequence diagram illustrating an-
other example of the method in which the remote UE
performs the HO to the gNB as the HO destination of the
relay UE in the third embodiment. The example in FIG.
22 discloses a method in which the relay UE notifies the
remote UE of the RRC configuration of the T-gNB. In
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FIG. 22, steps common to those in FIG. 20 are denoted
by the same step numbers as those therein, and a com-
mon description will be omitted.
[0408] The S-gNB that has received the HO request
response message from the T-gNB in step ST2006 no-
tifies the relay UE of an RRC configuration change mes-
sage in step ST2201. Information about the RRC config-
uration of the remote UE for communication with the T-
gNB is included in the RRC configuration change mes-
sage. The relay UE that has received the RRC configu-
ration change message stops communication with the S-
gNB. The configuration for communication with the S-
gNB may be released. In addition, the relay UE performs
the RRC configuration for communication with the T-
gNB.
[0409] In step ST2202, the relay UE notifies the remote
UE of an RRC configuration change message. The in-
formation about the RRC configuration for communica-
tion with the T-gNB is preferably included in the message.
Thus, the remote UE can receive the information about
the RRC configuration for communication with the T-
gNB. The remote UE that has received the information
about the RRC configuration for communication with the
T-gNB stops communication with the S-gNB. The con-
figuration for communication with the S-gNB may be re-
leased. The remote UE performs the RRC configuration
for communication with the T-gNB.
[0410] In step ST2203, the remote UE notifies the relay
UE of an RRC configuration complete for communication
with the T-gNB. The notification may be performed by
using an RRC configuration complete message. In step
ST2204, the relay UE notifies the T-gNB of an RRC con-
figuration complete message. The message preferably
includes completion of the RRC configuration for com-
munication with the T-gNB in the relay UE and completion
of the RRC configuration for communication with the T-
gNB in the remote UE. Consequently, the T-gNB can
recognize that the relay UE has completed the RRC con-
figuration, and can recognize that the remote UE has
completed the RRC configuration. Consequently, the T-
gNB can recognize that communication with the remote
UE via the relay UE can be performed. In step ST2016,
the remote UE can communicate with the T-gNB via the
relay UE.
[0411] As described above, the relay UE notifies the
remote UE of the RRC configuration for communication
with the T-gNB, and thereby the remote UE can perform
HO to the T-gNB. In addition, since the necessity of the
communication of the RRC message from the T-gNB to
the remote UE is eliminated, the amount of signaling can
be reduced.
[0412] Thus, it is possible to cause the remote UE to
perform the HO to the gNB as the HO destination of the
relay UE. Even in a case where the relay UE connected
to the remote UE performs the HO, the continuity of com-
munication services between the remote UE and the NW
can be secured.
[0413] Whether the relay UE connected to the remote

UE can perform the HO may be enabled to be configured.
The CN may perform the configuration. For example, a
CN node notifies a RAN node of the configuration as to
whether the HO can be performed. The CN node or the
RAN node may notify the relay UE of the configuration
as to whether the HO can be performed. The CN node
may be an AMF. Alternatively, the RAN may perform the
configuration as to whether the HO can be performed.
For example, the RAN node may perform, for the relay
UE, the configuration as to whether the HO can be per-
formed. Thus, it is possible to perform the configuration
as to whether the HO of the relay UE connected to the
remote UE can be performed depending on a radio wave
propagation state, a processing load on the relay UE,
and the like. In a case where the HO cannot be performed,
the relay UE disclosed above performing the relay proc-
ess of the communication between the remote UE and
the gNB does not perform the HO process. In a case
where the HO can be performed, the remote UE performs
the HO to the gNB as the HO destination of the relay UE.
Thus, it is possible to perform an optimum connection
process between the remote UE and the NW involved
with the HO of the relay UE depending on the radio wave
propagation state, the processing load on the relay UE,
and the like.

Fourth Embodiment.

[0414] Robustness is required in connection between
a remote UE and a gNB via a relay UE. A method has
been conventionally disclosed in which in order to im-
prove robustness in direct connection between a UE and
a gNB, an identifier of a cell to which the UE has previ-
ously connected is transmitted when, for example, the
UE notifies the gNB of an RRC reestablishment request
message (RRCReestablishmentRequest). However, in
a case where a remote UE is connected to a gNB via a
relay UE, the remote UE is directly connected to the relay
UE and is not directly connected to a cell, and therefore
such a method is not applicable.
[0415] The fourth embodiment discloses a method for
improving robustness in connection between the remote
UE and the gNB via the relay UE.
[0416] In a communication system according to the
present embodiment, when establishing or reestablish-
ing the RRC connection between the gNB and the remote
UE via the relay UE, the remote UE notifies the gNB, via
the relay UE, of an RRC reestablishment request mes-
sage. Information about a previously connected relay UE
is included in the RRC reestablishment request mes-
sage. Information for identifying the relay UE may be
used as the information about the relay UE. Information
about the gNB to which the previously connected relay
UE is connected may be included in the RRC reestab-
lishment request message. Information for identifying the
gNB may be used as the information about the gNB.
[0417] Thus, the gNB connected to the remote UE via
the relay UE can recognize the relay UE to which the
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remote UE has been previously connected.
[0418] In a case of establishing or reestablishing the
RRC connection between the gNB and the remote UE
without via the relay UE, the remote UE notifies the gNB
of an RRC reestablishment request message. Informa-
tion about a previously connected relay UE is included
in the RRC reestablishment request message. Informa-
tion for identifying the relay UE may be used as the in-
formation about the relay UE. Information about the gNB
to which the previously connected relay UE is connected
may be included in the RRC reestablishment request
message. Information for identifying the gNB may be
used as the information about the gNB.
[0419] Thus, the gNB connected to the remote UE can
recognize the relay UE to which the remote UE has been
previously connected.
[0420] The number of previously connected relay UEs
is not limited to one, and may be two or more. The max-
imum number thereof may be statically determined in a
standard or the like. Malfunction can be reduced, and a
configuration process can be simplified.
[0421] With the use of the information about the previ-
ously connected relay UE and/or the information about
the gNB received from the remote UE, the gNB may per-
form, for example, a configuration for causing the remote
UE to measure the relay UE.
[0422] Thus, it is possible to reduce release of the RRC
connection by the RLE or the like. In addition, the conti-
nuity of communication services between the remote UE
and the gNB via the relay UE can be further improved.

Fifth Embodiment.

[0423] In a case where a UE is directly connected to a
gNB, conventionally, the gNB provides an identifier to
the UE, and the identifier is used in direct communication
between the UE and the gNB to identify the UE. However,
in communication between a remote UE and a gNB via
a relay UE, direct communication is not performed be-
tween the remote UE and the gNB. Therefore, the ques-
tion is how UEs identify each other among the UEs or
how the gNB identifies the remote UE. Regarding the
identifier of the UE used in the communication between
the remote UE and the gNB via the relay UE, there is no
disclosure in Non Patent Literatures 1 to 27 and other
documents.
[0424] The fifth embodiment discloses a method for
solving such a problem.
[0425] In order to solve the above problem, in a com-
munication system according to the present embodi-
ment, a default value is used as a destination layer-2 ID
(destination L2 ID) when PC5 connection between a re-
mote UE and a relay UE is established in communication
between the remote UE and a gNB via the relay UE. In
a discovery process for searching for the relay UE, a
default value may be used as the destination L2 ID. The
default value may be a default value for PC5 communi-
cation from the remote UE to the relay UE. The default

value may be a default value for PC5 communication
from the relay UE to the remote UE. The default value
may be a default value for PC5 communication in both
directions.
[0426] A default destination L2 ID may be provided for
relay. A default destination L2 ID may be provided for
U2N relay. A default destination L2 ID may be provided
for U2U relay. A default destination L2 ID may be provid-
ed separately from that for U2N relay. The destination
L2 IDs may be each associated with a service type. As
the service type, a service type for relay may be provided.
A UE derives the destination L2 ID from the service type.
For example, when the service type is relay, the UE uses
a default destination L2 ID for relay.
[0427] The destination L2 ID may be associated with
an application layer ID. The UE may associate the des-
tination L2 ID with the application layer ID.
[0428] When the PC5 connection between the remote
UE and the relay UE is established in the communication
between the remote UE and the gNB via the relay UE,
the UE itself may allocate a source layer-2 ID (source L2
ID). In the discovery process, the UE itself may allocate
the source L2 ID. The source L2 ID may be associated
with the application layer ID. These may be associated
with each other by the UE.
[0429] The gNB allocates a UE identifier to the remote
UE connected via the relay UE. The gNB may allocate a
UE identifier for each cell to the remote UE. The UE iden-
tifier may be a C-RNTI. The UE identifier may be other
RNTI. The gNB notifies the remote UE, via the relay UE,
of the UE identifier allocated to the remote UE.
[0430] The gNB notifies the remote UE of the UE iden-
tifier allocated to the remote UE by using RRC signaling
performed between the remote UE and the gNB via the
relay UE. The gNB may notify the remote UE of the UE
identifier in an RRC connection establishment process
performed between the remote UE and the gNB via the
relay UE, for example, an RRC setup process. The gNb
may notify the remote UE of the UE identifier by including
the UE identifier in an RRCSetup message. The gNB
may notify the remote UE of the UE identifier in an RRC
configuration change process performed between the re-
mote UE and the gNB via the relay UE. The gNB may
perform the notification by including the UE identifier in
an RRCReconfiguration message. The gNB may notify
the remote UE of the UE identifier in an RRC-connected
state transition process between an inactive state and
an active state performed between the remote UE and
the gNB via the relay UE. The gNB may perform the no-
tification by including the UE identifier in an RRCResume
message.
[0431] The gNB may notify the remote UE of the UE
identifier allocated to the remote UE by using MAC sig-
naling performed between the remote UE and the gNB
via the relay UE. The gNB may perform the notification
by including the UE identifier in a MAC CE.
[0432] Thus, the gNB can notify the remote UE of the
UE identifier allocated to the remote UE. The remote UE
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can receive the UE identifier from the gNB. The remote
UE can use the UE identifier received from the gNB for
communication with the gNB via the relay UE.
[0433] For example, the gNB may include, in an RRC
message to the remote UE, a UE identifier allocated to
the remote UE. The remote UE can recognize by receiv-
ing the UE identifier that the RRC message is directed
to the remote UE. In a case where the relay UE receives
the RRC message from the gNB to the remote UE, the
relay UE can recognize, by receiving the UE identifier,
to which remote UE the RRC message is directed. The
relay UE can relay the RRC message to the remote UE.
[0434] For example, an RRC message from the remote
UE to the gNB may include a UE identifier allocated to
the remote UE. The gNB can recognize, by receiving the
UE identifier, from which UE the RRC message is trans-
mitted. In a case where the relay UE receives the RRC
message from the remote UE to the gNB, the relay UE
can recognize, by receiving the UE identifier, from which
remote UE the RRC message is transmitted. The relay
UE can relay the RRC message to the gNB.
[0435] For example, the gNB may include, in MAC sig-
naling to the remote UE, a UE identifier allocated to the
remote UE. The gNB may include the UE identifier in a
MAC CE as MAC signaling. The remote UE can recog-
nize by receiving the UE identifier that the MAC signaling
is directed to the remote UE. In a case where the relay
UE receives MAC signaling from the gNB to the remote
UE, the relay UE can recognize, by receiving the UE iden-
tifier, to which remote UE the MAC signaling is directed.
The relay UE can relay the MAC signaling to the remote
UE.
[0436] For example, MAC signaling from the remote
UE to the gNB may include a UE identifier allocated to
the remote UE. The gNB may include the UE identifier
in a MAC CE as MAC signaling. The gNB can recognize,
by receiving the UE identifier, from which UE the MAC
signaling is transmitted. In a case where the relay UE
receives MAC signaling from the remote UE to the gNB,
the relay UE can recognize, by receiving the UE identifier,
from which remote UE the MAC signaling is transmitted.
The relay UE can relay the MAC signaling to the gNB.
[0437] Thus, in the communication between the re-
mote UE and the gNB via the relay UE, communication
can be performed while specifying the remote UE.
[0438] Allocation of a UE identifier in HO and a method
for performing a notification thereof will be disclosed. The
T-gNB allocates, to a remote UE as an HO target, a UE
identifier used for communication with the remote UE.
The T-gNB notifies the remote UE, via the S-gNB, of the
UE identifier allocated thereto. In a case where the re-
mote UE is connected to the S-gNB via the relay UE, the
T-gNB notifies the remote UE, via the S-gNB and the
relay UE, of the UE identifier allocated thereto.
[0439] Xn signaling may be used for the notification of
the UE identifier from the T-gNB to the S-gNB. The no-
tification may be performed, for example, by including
the UE identifier in an HO request response (HO Request

Ack) message. RRC signaling may be used for the noti-
fication of the UE identifier from the S-gNB to the remote
UE. The notification may be performed, for example, by
including the UE identifier in an RRC configuration
change (which may be RRCReconfiguration) message.
MAC signaling may be used for the notification of the UE
identifier from the S-gNB to the remote UE.
[0440] Thus, the remote UE can acquire the UE iden-
tifier allocated by the T-gNB as an HO destination at an
early stage. The UE identifier can be used at an early
stage in communication between the remote UE and the
T-gNB.
[0441] The UE identifier allocated to the remote UE
may be an SL-RNTI. The SL-RNTI may be used in com-
munication between the remote UE and the gNB.
[0442] As another method, the gNB may allocate the
SL-RNTI to the remote UE separately from the C-RNTI
which is the UE identifier of the remote UE disclosed
above. The gNB may allocate a plurality of UE identifiers
to the remote UE. The gNB notifies the remote UE of the
plurality of allocated UE identifiers. For example, the C-
RNTI may be used in the communication between the
remote UE and the gNB, and the SL-RNTI may be used
in communication between the remote UE and the relay
UE.
[0443] Thus, it is possible to flexibly operate the UE
identifier in the communication between the remote UE
and the gNB.
[0444] Thus, the gNB can provide the identifier to the
UE in the communication between the remote UE and
the gNB via the relay UE. In conventional direct commu-
nication between a remote UE and a gNB, the gNB no-
tifies the remote UE of a UE identifier in an RA process.
However, even in a case where the RA process is not
performed in the communication between the remote UE
and the gNB via the relay UE, such a method enables
the gNB to provide the UE identifier to the UE. Therefore,
the identifier of the remote UE provided by the gNB can
be used to specify the remote UE in the communication.
In addition, since the remote UE can be specified, it is
possible to reduce malfunction in the communication be-
tween the remote UE and the gNB via the relay UE.
[0445] A statement of "gNB or cell" used in descriptions
given herein means that it may either be a gNB or a cell
unless otherwise specified. For example, what is de-
scribed as HO between gNBs may be HO between cells.
The HO may be HO between a cell configured by the S-
gNB and a cell configured by the T-gNB. In addition, the
S-gNB and the T-gNB may be the same or different. Re-
garding a case where the S-gNB and the T-gNB are the
same, the HO may be, for example, HO between different
cells configured by the same gNB. In the case where the
S-gNB and the T-gNB are the same, for example, the
processes between the S-gNB and the T-gNB disclosed
herein may be deleted.
[0446] Assuming that the S-gNB and the T-gNB are
the same, the method disclosed herein may be appro-
priately applied to, for example, a switching process
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to/from indirect communication between the remote UE
and the gNB via the relay UE. For example, the method
may be appropriately applied to a switching process from
direct communication between the remote UE and the
gNB to communication (indirect communication) be-
tween the remote UE and the gNB via the relay UE. For
example, the method may be appropriately applied to a
switching process from communication (indirect commu-
nication) between the remote UE and the gNB via the
relay UE to direct communication between the remote
UE and the gNB.
[0447] Although the case has been described herein
where communication is performed between the remote
UE and the gNB via one relay UE, the method disclosed
herein may be appropriately applied also to a case where
communication is performed between the remote UE and
the gNB via a plurality of relay UEs. For example, in a
case where the remote UE and the gNB perform com-
munication via two relay UEs of relay UE #21 and relay
UE #22, it is preferable to appropriately apply the method
disclosed above to PC connection between the remote
UE and relay UE #21, PC connection between relay UE
#21 and relay UE #22, and Uu connection between relay
UE #22 and the gNB. For example, in the method dis-
closed in the first embodiment, in a case where the re-
mote UE is connected to the T-gNB via relay UE #21 and
relay UE #22, the T-gNB may notify the remote UE, via
the S-gNB, of a configuration used for the PC connection
between the remote UE and relay UE #21 and a config-
uration used for the PC connection between relay UE
#21 and relay UE #22. The remote UE may notify relay
UE #21 of a part or all of the configurations. Relay UE
#21 may notify relay UE #22 of a part or all of the con-
figurations. Thus, even in a case where communication
is performed between the remote UE and the gNB via a
plurality of relay UEs, a similar effect can be obtained.
[0448] In the present disclosure, the UE in which the
service data is generated is referred to as a UE-TX, and
the UE that receives the service data is referred to as a
UE-RX. For example, in a case where the UE-TX is a UE
1 and a UE-RX is a UE 2, and when service data is gen-
erated in the UE 2 and data is transmitted to the UE 1,
the method of the present disclosure is preferably applied
by using the UE 2 as the UE-TX and the UE 1 as the UE-
RX. Consequently, a similar effect can be obtained.
[0449] The above-described embodiments and modi-
fications thereof are merely examples, and the embodi-
ments and modifications thereof can be freely combined.
In addition, any component of the embodiments and
modifications thereof can be appropriately changed or
omitted.
[0450] For example, in the above-described embodi-
ments and modifications thereof, the subframe is an ex-
ample of a time unit of communication in the fifth gener-
ation communication system. The subframe may be a
scheduling unit. In the above-described embodiments
and modifications thereof, the processes described as
those performed on a per subframe basis may be per-

formed on a per TTI basis, on a per slot basis, on a per
subslot basis, or on a per mini-slot basis.
[0451] For example, the methods disclosed in the
above-described embodiments and modifications there-
of may be applied not only to a vehicle-to-everything
(V2X) service but also to a service using the SL commu-
nication. For example, the methods may be applied to
the SL communication used in various services such as
proximity-based service, public safety, communication
between wearable terminals, and device-to-device com-
munication in a factory.
[0452] While the present disclosure has been de-
scribed in detail, the above description is in all aspects
illustrative and not restrictive. It is understood that nu-
merous modifications not illustrated can be devised.

Reference Signs List

[0453] 200, 210 communication system; 202 commu-
nication terminal device (user equipment); 203, 207, 213,
217, 223-1, 224-1, 224-2, 226-1, 226-2, 750 base station
device (base station); 204 MME/S-GW unit (MME unit);
204a MME; 214 AMF/SMF/UPF unit (5GC unit); 218 cen-
tral unit; 219 distributed unit; 301, 403 protocol process-
ing unit; 302 application unit; 303, 404 transmission data
buffer unit; 304, 405 encoder unit; 305, 406 modulation
unit; 306, 407 frequency conversion unit; 307-1 to 307-4,
408-1 to 408-4 antenna; 308, 409 demodulation unit; 309,
410 decoder unit; 310, 411, 506, 526 control unit; 401
EPC communication unit; 402 other-base-station com-
munication unit; 412 5GC communication unit; 501 PDN
GW communication unit; 502, 522 base station commu-
nication unit; 503, 523 user plane communication unit;
504 HeNBGW communication unit; 505, 525 control
plane control unit; 505-1, 525-1 NAS security unit; 505-2
SAE bearer control unit; 505-3, 525-3 idle state mobility
management unit; 521 data network communication unit;
525-2 PDU session control unit; 527 session manage-
ment unit; 751-1 to 751-8 beam.

Claims

1. A communication system comprising:

a first base station to which a first communica-
tion terminal is connected, the first communica-
tion terminal supporting terminal-to-terminal
communication in which communication termi-
nals directly communicate with each other; and
a second base station to which a second com-
munication terminal is connected, the second
communication terminal supporting the termi-
nal-to-terminal communication, wherein
in a case where the second base station re-
ceives a handover request for the first commu-
nication terminal to connect to the second base
station via the second communication terminal,
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the second base station transmits, to the first
communication terminal and the second com-
munication terminal, communication configura-
tion information indicating a content of a config-
uration for the first communication terminal and
the second communication terminal to perform
terminal-to-terminal communication therebe-
tween.

2. The communication system according to claim 1,
wherein
the second base station transmits the communica-
tion configuration information to the first communi-
cation terminal via the first base station, and directly
transmits the communication configuration informa-
tion to the second communication terminal.

3. The communication system according to claim 1,
wherein

the communication configuration information in-
cludes first configuration information indicating
a content of a configuration for communication
in a direction from the first communication ter-
minal toward the second communication termi-
nal and second configuration information indi-
cating a content of a configuration for commu-
nication in a direction from the second commu-
nication terminal toward the first communication
terminal,
the second base station transmits the first con-
figuration information to the first communication
terminal via the first base station, and directly
transmits the second configuration information
to the second communication terminal,
the first communication terminal acquires the
second configuration information from the sec-
ond communication terminal, and
the second communication terminal acquires
the first configuration information from the first
communication terminal.

4. The communication system according to any one of
claims 1 to 3, wherein

the first communication terminal is connected to
the first base station via a third communication
terminal that supports the terminal-to-terminal
communication, and
in a case where the first communication terminal
executes handover for connecting to the second
base station via the second communication ter-
minal, the first base station transmits, to the sec-
ond base station, data communication configu-
ration information indicating a content of a con-
figuration for data communication with the first
communication terminal.

5. The communication system according to claim 4,
wherein
in a case where the third communication terminal
executes handover to switch a connection destina-
tion, the first communication terminal switches a con-
nection destination to a base station as a handover
destination of the third communication terminal.

6. The communication system according to any one of
claims 1 to 4, wherein
the handover is dual active protocol stack handover.

7. The communication system according to any one of
claims 1 to 4, wherein
the handover is conditional handover.

8. A base station connectable to a communication ter-
minal that supports terminal-to-terminal communica-
tion in which communication terminals directly com-
municate with each other, wherein
in a case where the base station receives a handover
request for a first communication terminal that is a
communication terminal connected to another base
station to connect to the base station via a second
communication terminal that is a communication ter-
minal connected to the base station, the base station
transmits, to the first communication terminal and
the second communication terminal, communication
configuration information indicating a content of a
configuration for the first communication terminal
and the second communication terminal to perform
terminal-to-terminal communication therebetween.
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